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BACKGROt3m3 OF THE xmmsTTas 

A variety of genetie abaonnalities arise ia hxxman cancer tixat 
contribute to neoplastic transformation and malignancy • Instability 
of the genoBie generates mutations that alter cell proliferation, 
angiogenesis, metastasis, and tumor imaunogenicity. Despite a 
better understanding of the molecular basis of cancer, many 
malignancies remain resistant to traditional forms of treatment, 
definition of txamor-associated genetic mutations, hoi^ever, has 

interest in cancer as a target for gene therapy. 
Immunotherapy has sho^ promise as a primary approach to the 



or renal cell carcinoma, are relatively more responsive to 
modulation of immune fimction, possibly becaiise the immune system 
can be induced to recognise mutant gene products in these cells. 
Coaventicmally, approaches to immunotherapy have involved the 
administration of non-specific immunomodiU-ating agents such as 
Bacillxis Calmette-Guerin (BCG) , cytokines, and/ or adoptive T cell 
transfer, tsdiich have shotm promise in animal models (B. Sbar, et 
al., i7. ^atl. Caac. Zast- 46, 831 (1S71) ; S.A. Rosenberg, et al., 
J. S3sp. MBd. 16, 1169 (1985); S- Shu, and S.A. Rosenberg, Cancer 
R&s. 45, 1657 {1985)? P. J. Spiess, et al . , *7o itetl. Cane. Inst. 79, 
1067; T. Chou, et al., t7. I^^munol. 140, 2453 (198S} ; B. Yoshizaim, 
et alo, aJ. ,2s8SunoI, 147, 729 (1991)) and in man (D.L. Morton, et 
al., iten. 3usrff. ISO, S35 (1974); S-A. Rosenberg, et al., Ana. Surg. 
210, 474 (1989); S.A, Roseabesrg, et al., ffljg. J". Med. 319, 1€76 
(1908); a.L. Kradinr et al., I^eet 577 (1989)). CSore recently, 
molecular genetic interventions have been designed ia an atteffi5)t to 
itmrove 



protocols have been designed to monitor the traffic of lyiophocytes 
into melanoma tumors (S.A. Rosenberg, et al.,^. Eng. Med. 323, 
570 (1990) ) or to introduce cytokine genes into tumor cells to 
stimulate the host's immune response to residual tianor (S.A. 
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, HZ21S. Gene Th&r. 2, 57 (19d2} } . 
RecexitLly, a aeu^ roolecnxlar genetic intervention lias 
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transmissiMi of recosobinant genes into established tumosrs In vivo 
to genetically modify tbem as thiay grow in situ. In animal models, 
introduction of & gene encoding a £oreign major histocompatibility 
(MHO protein (class I) in vivo signals the icEmme system to respond 
to the foreign antigen (G.S- Plautz, et al., JProCo SS&tl. Acad. Sci. 
USA 90, (1993); S,G- SSabel, et alo, J>roc, Watl, Acad* Sci. DSA 

89, S157 (1992)). fiftore importantly, when this gene is trsmsduced 
into established tumors in vivo, a cytolytic T cell response is also 
generated against unmodified tumor cells. Xn murine models, this 
approach has led to significant reductiraas in timior gro^rtih and, in 
some cases, cooplete remission (6.S. Plautz, et al., Proc. Matl. 
Acad. Sci* DSA 90, ^S^5 (1993)) . Based on these studies, approval 
was recently received from the Recombinant DKA Advisory Committee 
of the Hational Institutes of Health to conduct a human clinical 
protocol lifiing direct transfer of a human transplantation antigen 
gene in an effort to treat malignancy. This protocol proposed to 
perform direct gene transfer in humans and to utilize a non-viral 
vector T;^ch reduces several safety concerns about viral vectors. 
This clinical trial involved the treatment of patients ^th 
metastatic melanoma at stabcutaneous lesions. The treatment 
constituted intratiamoral injection of the human class I MHC gene, 
HIiA-B7, cooplesced to a cationic liposome, DC-Cholesterol (G.J. 
Kfabel, Hum. Gene Ther. 3, 705 (1992) ; X. Gao and L. Huang, Bioch&n. 
Biophys. RBB. Casisnm. 179, 280 (1991)). These patients received 
escalating doses of the DNA liposome co«x5>lex. Recombinant gene 
e3q>re8siQn, toxicity, and the immunologic response to treatment is 
being evaluated. Based on animal studies, no toscicities had been 
readily apparent using these modes of direct gene transfer in vivo 
in short-term or Icmg-term studies (G.J. Nabel, sum. Gene Ther. 3, 
399 (1992); G.J. Mabel, Sum. Gene Thesr. 3, 705 (1992); M.J- Ste^rt, 
et al., Sum. Gene rher. 3, 2S7 (1992)). Taken together, these 
studies vmre intended to determine whether direct gene transfer was 
an appropriate form of treatment for malignancy, 
niroefe ©@ae Ssmasf®r and ESodulatioa ©2 the SsssKSS&e Systoa 

utilization of catheter -based gene delivery in vivo 
a mcKiel system for the introduction of recombinant gene- 
containing molecules into specific sites in vivo. Early studies 
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focused on th& demonstration that specific reporter genes could be 
esqsressed in vivo (S.G. ^atbel, et al., Sci&nce 249, 1285 (1990); 
E«G. BSfiibel, et al., Sci&nce 24€, 1342 (1989)). Subseqiient studies 
tirere designed to determine Aether specific biologic responses could 

it sites of recoaobinant gene transfer* To address tbis 
a bigbly itosamogenic molecule, a foreign major 

coKE^lex (ESHC) , tms used to elicit an ismnme 
response in tbe iliofemoral artery using a porcine model • The buman 
HIi^-B7 gene %?as introduced using direct gene transfer ^tb a 
retroviral vector or DISSA liposome complesc (S.6. fiSfabel, et al. , Proc. 
N&tl. Ac&do Scio USA 89, 5157 (1992) } . ^itb eitber delivery system, 
esepression of tbe recombinant HL%-B7 gene product could be 
demonstrated at specific sites ^tbin tbe vessel T^^all. More 
importantly, tbe expression of tbis foreign bistocoitcpatibility 
antigen induced an immunologic resp«ise at tbe sites of genetic 
modification. 'Zbis response included a granulomatous mononuclear 
cell infiltrate beginning 10 days after introduction of tbe 
recombinant gene*. Tbis response resolved by 75 days after gene 
transfer; bo^^ever, a specific cytolytic T cell respmise against tbe 
BUi^'Bl molectale ^s persistent. Tbis study demonstrated tbat a 
specific imsaunologic response could be induced by tbe introduction 
of a foreign recosobinant gene at a specific site in vivo. Moreover, 
tbis study provided one of tbe first indications tbat direct gene 
transfer of specific recombinant genes could elicit an imsmme 
response to tbe product of tbat gene in vivo (S.G« Habel, et al.p 
Proc. HatZ. Aastd. Sci. USA 89, 5157 (1992)). 

Tbese studies suggested tbat tbe introduction of tbe 
appropriate recombinant genes could be used to stimulate tbe immune 
system to recognise its product in vivo. In addition, tbis approacb 
provided a general metbod for tbe induction of a specific site in 
vivo. To determine trbetber direct gene transfer migbt be 
appropriate for tbe treatment of disease, a murine model of 
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bistoeofiopatibility complesc gene into a murine tumor ^as found to 
elicit an immune response not only to tbe foreign MHC protein but 
also to previously unrecognized tumor- associated antigens. Tbese 
immune responses ^;^re T cell -dependent, and tbese tximor- associated 
proteins %?ere recognised tritbin tbe context of tbe self major 
bistocon^atibility conplex. In animals presensitised to a specific 
miC baplotype, direct gene transfer into establisbed tumors could 
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ei&t:eim&^^ truBaoz' cpro%r&ii os:, i.n some cases / 3.e&d t:o coovple^e ^umor 
regression (6.E. Plauliz, et al.« Prac. 29&tl. Acad. Scl. USUBO^ ^B^S 
(1953) )• These 8t:udies demonstrat^ed that direct gene transfer of 
foreign ^SHC genes into tiomors have potentially therapeutic effects 
5 that be appropriate for the treatment of malignancy. 

In some instances , the iisamme system appears to contribute to 
the stxrveillance and destruction of ne^lastic cells, by 
mobilisation of either cell%ilar or humoral immune effectors. 

10 Cellular mediators of anti-tumor activity include MHC- restricted 

cytotoxie T cells, natural killer (2SK) cells (R.K. Oldham, Csac. 
Metast. ReVo 2, 323 (1983); R.B. Herberman, Concepts Z^ismmopathol . 
1, 96 (19@5) ) and lyts^hokine- activated killer (lASi) cells (S.J^. 
Rosenberg, Zmanmol. Today 9, 58 (1988)). Cytolytic 7 cells ^hich 

15 infiltrate tumors have been isolated and characterized (I. Yron, et 

al., »J* XasHunoI. 125, 238 (1980) )• These tumor infiltrating 
lymphocytes (TXIi) selectively lyse cells of the tumor from ^dxich 
they ^»re derived (P.J. Spiess, et al., i7. ^tl. Cane. Xnst. 79, 
1DS7; SoA. Rosenberg, et al., 5cieaoe 223, 1318 (198S)). 

20 Macrophages ean also kill neoplastic cells through antibody- 

dependent mechanisms (J« SSarcelletti and P. Furmanaki, Jo Xassnmol. 

120, 1 (1978),- P. Ralph, et al., J'. E^o M^d. 1S7, 712 (1988)), or 
by activation induced by siibstances such as BCG (P. Alescander, Hatl. 
Cancer Xnst. Monogsr^ 39, 127 (1973}). 

25 Cytokines can also participate in the anti- tumor response, 

either by a direct action on cell gro^;?th or by activating cellular 
immunity • The cytostatic effects of tumor necrosis f actor-er (TNF-ea) 
Old, Scieaee 230, 630 (1985)) and lyR5)hotoasin (M.B. Powell, 
et al., Lys^hakln Res. 4, 13 (1985)) can result in neoplastic cell 

30 death. Interferon- 7 {IFBJ-7) markedly increases class I MBC cell 

surface egression (P. laindahl, et al., Proc. f^ratl. ^ad. Sci. U3^ 
70, 2785 (1973)? P. Lindahl, at al., ProCc iJatl. Acado Sei. OSA 73, 
1284 (1976) ) and synergism with 2W-cf in producing this effect 
(Ii. J. Old, Hatixre 326, 33 0 (1987) ) . Colony stimulating factors such 

35 as G-CSF and C^-CSF activate neutrophils and macrophages to lyse 

tumor cells directly (S.C. Clark and a. Kamen, Science 236, 1229 
(1987)), and inter lexikin- 2 (IIi*2) activates I*eu-19+ cells to 
generate lysphokine activated killer cells (ZAK) capable of lysing 
autologous, syngeneic or allogeneic tumor cells but not normal cells 

4:0 (S.A. Rosenberg, Xmmuaolo Tod&yB, 58 (1988); M.T. Lotze, et al.. 
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Cancer Res ^ 41, 4420 (1981); C.S. Johnson, et al.* Cancer Res. 50, 
5S82 (1990)). The LAK cells lyse tiumor cells %?i&hout 
preitnmunizaticKi or BSHC restriction (J.H* Phillips and L.L. Lanier, 
«7. £3^. BSed* 164, 814 (1986)). lnterleukin-4 (XI<-4) also generates 
lASi cells and acts synergistically ^fith XL-2 in the generation of 
tiSEQor specific killers cells (JoJ. Mule, et al., J. Imsamol. 142, 
726 (1939))- 

Since taost malignancies arise in iramunocoeqpetent hosts, it is 
likely that ttmor cells have evolved mechanisms to escape iiost 
defenses, perhaps throi^gh evolution of successively less isamunogenic 
clones (G. Klein and E. Klein, Proc. Hatl. ^cad. Sci. USA 74, 2121 
(1977) )• Several studies suggest that reduced es^ression of 
moleciiles siay provide a mechanism to escape detection by the immune 
system^ formally, the class Z BflHC glycoprotein is highly escpressed 
an a Yid.de variety of tissues and, in association ^th S-2 
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to CDS positive T cells through specific interactions ^ith the 
CD8/T-cell receptor eoss^lej^ (P.J. Sjorkman and P. Parhem, Ann. JSev. 
Bioeheffl« 59, 253 (1990) . Deficient ea^ression of class X fiSHC 
molecules could limit the ability of tumor cells to present antigens 
to cytotoacic T cells. Freshly isolated cells from naturally 
occurring tumors f rec^ently lack class 2 antigen cosopletely or 
shobT decreued escpression (C.A. Holden, et al., ij. Asi, Acad, 
i^ermatol. Bf 867 (1983); H. Isakov, et al., «J. i^atl. Canc» Xnst. 71, 
139 (1983); ^. Schmidt, et al . , Zmmunpgen. 14, 323 (1981); K. Puna, 
et al., Lab Invest, 55, 185 (1986); L.A. Laspson, et al., J*. 
Imonmol. 130, 2471 (1983)) . Reduced class X K2HC egression could 
also facilitate gr^ot^h of these tumors t^hen transplanted into 
syngeneic recipients. Several tumor cell lines vhich esdiibit lcf& 
levels of class X BSHC proteins become less oncogenic ^hen eaepressi^i 
vectors encoding the relevant class X MHC antigen are introduced 
into them (K. Tanaka, et al.. Science 228, 26 (1985); Hui, et 
al., Mature 311, 750 (1984); R. ^allich, et al., Nattzsre 315, 301 
(1985) ; H-e. lijunggren and K. ^rre, tJ. xmmunogenet« 13, 141 (1936) ; 
G.J. Bammerling, et al., J*. Xmmunogenet. 13, 153 (1986)). Xn some 
experiments, tumor cells %diich egress a class X gene confer 
immunity in naive recipients against the parental tx^mor (K. Hui and 
F. Qrosveld, H. Festenstein, Hature 311, 750 (1984) ; R. ^allich, et 
al., Mature 315, 301 (1985)). The absolute level of class X MHC 
expression hoi^ver, is not the only factor %?hich influences the 
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tunorlg^ezilcity or linsnunogenicity of tisoor cells. Zn one s&udy, 
mouse mansnary adenocarcinoioa cells, treated With B-asacytidlne and 
selected for elevated levels of class I MHC e3q>reBsiQn did not 
display altered tx2morigenicity cojopared to tlie parent line {D*A. 
5 Carloi7, et al., i7. ^tl. Cane. Jnst. 81, 759 (19B9}). 

The immune response to tumor cells can be stimulated by 
systemic administration of Xaotze, et al, i7, Jsasiunol. 135, 

2@S5 (1985}}, or ^th cells (S.A. Rosenberg , et al., 

Sng. J. ^ed. 316, 869 {1987}; C.S. iJohnson, et al., Ireultemla 3, 91 

10 (1989)) . Clinical trials using tumor infiltrating lyophocytes are 

also in progress (S.^. Rosenberg, et al., Eng. J. Med. 323, 570 
(1990) } • Recently, several studies have eaeamlned the tumor 
si:^ressive effect of lympbokine production by genetically altered 
tumor cells. The introduction of tumor cells transfected %irith an 

15 £L*2 escpression vector into syngeneic mice stimulated an MHC class 

I restricted cytolytic T lyn^hocyte response which protected against 
Bubseguent rechallenge ^fith the parental tumor cell line (S.R. 
Fearon, et al.. Cell 60, 397 (1990)). S^ression of lIi-4 by 
plasmacytoma or mammary adenocarcinoma cells induced a potent anti- 

20 tumor effect mediated by Infiltration of eosinophils and macrophages 

(R.I. Tapper, et al.. Cell 57, 503 (1989)}. These studies 
demonstrate that cytoScines, expressed at high local concentrations. 



^ alternative approach has recently been proposed to 
stimulate an anti- tumor response through the introduction of an 
allogeneic class 1 ^C gene into established human tumors (i?upra>. 
The antigenicity of tumor cells had been altered previously by the 
esqsression of viral antigens through infection of tumor cells (J. 
Lindenmann and P. A. Klein, <Jo Ss^. Med. 126, 93 (1967) ; Y« Shimizu, 
30 et al., SE2r. a7. l^smunol. 14, 839 (1984); H. Yamaguchi , et al.. 

Cancer Xssauaol • Xssounother. 12, 119 (1982) ; Hosokaraa, Cancer ^es. 
43, 2301 (1983); V. Shirrmacher and R. Heicappell, Clin. Escp. 
MetABt&sis 5, 147 (1967)), or esspression of allogeneic antigens 
introduced by somatic cell hybridization (J.?. Catkins end L. Chen, 
35 ^ture 223, 1018 (1969); £3. Kuzxsmaki, et al., Eur. tJ. Cancer. 15, 

1253 (1979} ) . Allogeneic class I £00 genes had been introduced into 
tumor cells by transfectim and subsequent selection in vitro. 
These esq^eriments produced some conflicting results. In one case, 
trans feetion of an allogeneic class 1 MHC gene (H-2Ij^) into an H-2^ 
40 tumor resulted in itnmunologic rejection of the trazisduced cells and 
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also produced transplantation real stance against tbe parent tumor 
cells tT. Itaya, et al.. Cancer ^es. 47, 3136 (1987)). In another 
instance f transfection of H*2^ melanoma cells %yith the H-2D^ gene 
did not lead to rejection (J.S, Talnxadge, et al., Proc. Msaer. Assoc. 
£or CssiCBT Res. 26 « 59 (1985)), hoc^ever increased differential 
esspressimi of H-2D products relative to H-2K may have affected the 
metastatic potential and issmmogenicity of tiamor cells (J. Gopas, 
et al., Acfv. Csaeer Ses. 53, 89 (1989)). The effects of allogeneic 
H-2SC gene escpression in tumor cells ^as escamined in another study 
(G.A* Cole, et al., Proc. 23&tl. Ac&d. Sci. USA 84, 8613 (1987) ) • 
Several subclones t?hich t^ere selected in vitro and esepressed an 
allogeneic gene t^ere rejected in mice syngeneic for the pairental 
tumor line, hot^ever, other subclones did not differ from the 

line in generating tumors . This finding 
-to- clone variatim in in vivo gro%^h and 
may result in other modifications of cells, 
caused by transfection or the subcloning procedure, %diich affects 
their tumor igeni city. These t^es of clonal differences may be 
minimized by transducing a population of cells directly in vivo. 



The immune system can provide protection against cancer 
raay play an important role as an adjuvant treatment for malignancy 
Lyraphokine activated killer cells ilASi) and tumor infiltratin 
lysphocytes (TXL) can lyse neoplastic cells and produce partial 
conplete tumor rejection. S3cpression of cytokine genes in 
cells has also enhanced tumor regression. Because 
strategies to stimulate an immune response against ttxmor cells 
fail to eradicate tumors, an important goal of immunotherapy is to 
itiprove upon current techniques smd understand the mechanisms of 
iYQsnme recognition. 

A model has been described for the immunotherapy of malignancy 
tjising a gene encoding a transplantation antigen, an allogeneic class 
I major histocompatibility complex (^C) antigen, introduced 
human tumors in vivo by IMS./lipoBome transfection (G- J. Kabel, 
Gene Ther. 3, 399 (1992)? G.J- Kabel, Hum. Gene 2!her* 3, 
(1992)). Sacpression of allogeneic MHC antigens on tumor 
stimulates immunity against both the allogeneic MHC gene 
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unmodified tiamor cells (G. S. Plautz, et al., Proco Natl. Acad. Sci. 
USA 90, 4645 (1993)) . The introduction of em allogeneic MHC gene 
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d±3rectly Into txxmors in vivo has i Tiduced partial t:\2mor regressioz^, 
as trell as thB specific cyt^otosclc T cell response to other smtigens. 
In a recent trial in humans, no toxicity of this form of treatment 
i^as observed. It Is an object of the present Invention to ^timize 



SUMMARY OF THE IMfVBRTIOI^ 

The invention provides a vector adapted for izse in 
transferring into tissue or cells of an organism genetic material 
encoding one or more clstrons capable of eaepresslng one or more 
immunogenic or therapeutic peptides, corsiprislng one or more of the 
clstrons and a backbone that comprises the follo^^rlng elements: an 
origin of repllcatlrai derived from pBR322 ; genetic material encoding 
a selectable marker that confers resistance to an antibiotic; a 
promoter qperably linked to any of the clstrons, %?hlch promoter is 
derived from OflV or RSV LTR or RSV LTR in i^fhich a polyadenylation 
signal native to the RSV I/TR has been mutated; and a polyadenylation 
signal that facilitates egression of any of the clstrons, which 
polyadenylation signal Is derived from bovine groii^th hormone gene 
or 6V40 or SV40 In tshich essentially all of any open reading frames 
native to the have been deleted; and therein the baekb^ie 

optionally further eosoprlses one or more of the f ollo^^lng elements : 
a rlbosome binding site that facilitates translation of messages of 
any of the clstr^s, trixich rlbosome binding site Is derived from 
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of any of the clstrons; and genetic material that facilitates 
splicing of transcripts of any of the clstrons. 

In the vector, the genetic material that facilitates splicing 
may be derived from 6V40 or SV^O In %9hleh essentially all of any 
open reading frames native to the SV40 have been deleted. 

In the vector, the peptides may stimulate T-cell Immunity 
the tissue or cells. ¥he peptides may comprise class I 
jor histocompatibility cons>le% (^C) antigens, microglbbulins , 
or cytokines . The mic antigen may be foreign to the organism. The 
MBC antigen may be HIa^-B?. 

In the vector, DHI^ encoding the HLA-B7 may have an Intron 
native to the ELh-Bl deleted. 

The vector may have the nucleotide sequence set forth in S£Q 
ID £?0:1. 

The vector may have the nucleotide sequence set forth in SSQ 
ID ^0:2. 
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Xn vector r the transferring may occxir in vitro. The 

transferring may occvir in vivo. The in vivo transferring may be 
mediated by a catheter. 

in the vector, the selectable marker may confer resistance 
5 to kananq^in, the promoter may be derived from RSV LTR in t^hich a 

polyadenylation signal native to the RSV LTR has been mutated, and 
the polyadenylation signal may be derived from bovine grom:h hormone 
gene. 

The vector may have that nucleotide sequence set forth in SSQ 
10 ID HO si %?hich codes for: the origin of replication, the genetic 



material encoding a selectable marker, the promoter, the 




The vector may have a plurality of cis tresis %?hich are 



15 organised in a poly-cistronic transcription unit, %?berein the 




transcription tsnit, is derived from RSV LTR in ^hich a 
polyadenylation signal native to the R5V ZaTR has been mutated, and 
20 %?herein the polyadenylation signal, which facilitates processing of 

the poly«-cistronic transcription unit, is derived from bovine gro^Tth 
hormone gene. 

Tlie vector may have tw cistrons %diich are organised in a bi- 
cistronic transcription unit, therein the selectable marker confers 
5 resistance to kaz^mycin, %:rherein the promoter, %7hich is operably 

linked to the bi-cistronic transcription isnit, is derived from RSV 
LTR in %^hich a polyadenylation signal native to the RSV LTR has been 
mutated, and wherein the polyadenylation signal, %9hich facilitates 
processing of the bi-cistronic transcription unit, is derived from 
D bovine gro^ifth hormmw gen^> 

The vector may have cme cistron, therein the selectable marker 
offers resistance to leanamycin, therein the promoter, ^hich is 
operably linked to the cistron, is derived from RSV LTR in i^hich a 
polyadenylation signal native to the RSV LTR has been mutated, and 
5 therein the polyadenylation sigzial , t^hich facilitates expression of 

the cistron, is derived from bovine grots^th hormone gene. 

The invention also provides a pharmaceutical composition 
comprising any of the vectors given above . 

Xn the pharmaceutical composition, the vector may be in 
0 association ^ith a transfer- facilitating vehicle. The vehicle may 
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coooprlse a t:ra]isfecc±on- facilitating catlonic lipid foznxulatlcm. 
T^e catlonic lipid formulation may be DMRIE-DOPE. ThB. DfmXE-DOPS 
may have a molar ratio of 5:5. The vehicle may comprise an 
infection- facilitating viral vector. 
5 The invention fxurther provides a method for treating a 

disorder, in an organism, characterised as being responsive to the 
stimiilation of T-cell immunity, coBiprising the step of transferring 
a vector into tissue or cells of the organism, ^gfaerein the vector 
coEzprises genetic material encoding one or more cistrons capable of 

10 esspressing one or more peptides that stimulate T-cell Immunity 

against the tissue or cells, such that the peptide or peptides are 
esepressed resulting in the treatment of the disorder. 

In the method, the disorder may be neoplastic disease. The 
neoplastic disease may be melanoma cancer. The vector may cos^rise 

IS any of the vectors given above. The transferring may occi&r in 

vitro. The transferring may occtur in vivo* Th& in vivo 
transferring may be mediated by a catheter. 

In the method, the vector may be associated %:7ith a transfer- 
facilitating vehicle. The vehicle may eoraprise a transfection- 

20 facilitating catiralc lipid formulation. The catlonic lipid 

formulation may be mRIS-DOPE. The DBSRIS-DOPE may have a molar 
ratio of 5:5. The vehicle may coasprise an infection- facilitating 
viral vector. 

The invention moreover provides a DH^ cassette adapted for us® 

25 in transferring into tissue or cells of an organism genetic material 

encoding one or more cistrons capable of expressing one or more 
immunogenic or therapeutic peptides or polypeptides, coraprlsing the 
follo^slng elements: an origin of replication derived from pBR322; 
genetic material encoding a selectable marker that confers 

30 resistance to an antibiotic; a promoter operably linked to any of 

the cistrons, %diich promoter is derived from CS^ or RSV IjTR or RSV 
IiTR in %^hich a polyadenylation signal native to the RSV I^TR has been 
mnitated; and a polyadenylation signal that facilitates es^ression 
of any of the cistrons, x:riiich polyadenylation signal is derived from 

35 bovine groi^th hormone gene or SV40 or SV40 in ^hich essentially all 

of any open reading frames native to the SV40 have been deleted; and 
t^herein the DSSA cassette optionally further comprises one or more 
of the following elements : a ribosome binding site that facilitates 
translation of messages of any of the cistrons, t^hlch ribosome 

40 binding site is derived from SMC virus; translation initiation 
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sequence that facilitates eaqjression of any of the cistrons; and 
material that facilitates splicing of transcripts of any of 



in the DHA cassette, the .genetic material that facilitates 
splicing may be derived from SV40 or SV40 in which essentially all 
of any open reading frames native to the have been deleted. 

In the DISA cassette, the selectable marker may confer 
resistance to kanamycin, the prcaaoter may be derived from RSV USR 
in which a polyadenylation signal native to the RSV has been 
mutated, and the polyadenylation signal may be derived from bovine 

growth hormone gene. 

The DBM^ cassette may have that nucleotide sequence set forth 
ID STOsl which codes fori the origin of replication r the 



polyadenylation sigxial, the ribosome binding site, and the 



•Ehe tmh cassette may have a plurality of cistrons which are 
organised in a poly-eistronic transcription imit, wherein the 
selectable marker confers resistance to kanamycin, wherein the 
promoter, which is operably linked to the polyeistroaie 
transcription unit, is derived from asv I^TR in xjdiich a 
polyadenylation signal native to the SSV LTR has been mutated, and 
wherein the polyadenylaticfii signal, which facilitates processing of 
the poly-cistronic transcription txnit , is derived from bovine growth 



The DHA cassette may have two cistrons wh i ch are organised in 
a bi-cistronic transcription unit, wherein the selectable marker 
confers resistance to kanamycin, herein the promoter, which is 
operably linked to the bi-cistronic transcription tanit, is derived 
from RSV LTR in which a polyadenylation signal native to the RSV LTR 
has been mutated, and wherein the polyadenylation signai, which 
facilitates processing of the bi-cistronic transcription unit, is 



40 



The DMA cassette may have one eistron, wherein the selectable 
marker confers resistance to kanamyein, wherein the promoter, which 
is operably linked to the eistron, is derived from RSV LTR in which 
a polyadenylation signal native to the RSV I.TR has been mutated, and 
i^rein the polyadenylation signal, which facilitates esepressicm of 
the eistron, is derived from bovine growth hormone gene. 

a 
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cofB^rlslng a lios^ organiem and a genet:! c const:ruct Ixavlng an 
origin of replication derived from pBR322 ; genetic material encoding 
a selectable marker that confers resistance to an antibiotic; one 
or more cietrons organised in a poly-cistronic, bi-cistronic, or 
uni-cistronic transcription imit, a promoter operably linked to the 
transcription tanit i^rhich promoter is derived from CSN or RSV LTR or 
RSV LTR in %?hich a polyadenylation sigxial native to the RSV IiTR has 
been mutated, and a polyadenylation signal that facilitates 
processing of the transcriptira unit i^hich polyadenylation signal 
is derived from bovine groc^th hormone gene or SV^o or SV^O in ^hieh 
essentially all of any open reading frames native to the SV<^0 have 



optionally comprises 
ribosome binding site that facilitates translation of messages of 
any of the cistrons internal to the transcription tmit ^hich 

derived from SSflC virus; translation 
facilitates es^ression of any of the 
cistrons; and intron sequence that facilitates splicing of 



systemi the host organism may be a 

DS5CRXPTSQK OF THE PRSFE 



The present invention relates to transfer of a hi^ 

antigen to treat malignancy. It includes (1) 
modif icatioTiB in vector design ^hi ch enhance escpression xa vivo; (2) 
development of a more efficacious cationic liposome and other 
vehicles to improve efficiency of gene delivery; (3) optimization 
of gene delivery; and (4) application to different tumor cell types. 

The ant i- tumor immune response may be augmented by 
preimmunization and administration of cytokines. Including tumor 
necrosis factor-c?, interf eron-7, or interleukin-2| or used in 
combination ^ith adoptive transfer or TIL therapy. The present 
invention provides an alternative strategy for the immunotherapy of 



Adaptations of this method ^nay also be applied to the treatment of 
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or all of 

modifications described herein designed to improve their efficacy 
and safety* T^o such vectors are plasmids having the sequences set 
forth in SSQ ID KO;l and SSQ ID M0:2. Additionally, the featiires 
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characterizing chese two vectors are summaLrlzed in Tables l and 2 
infra. Moreover, the preparation of these two vectors is 
exenqplified in Examples 1 and 2; other methods of preparation are 
known to those in the art. 
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TABXiE 1 



B7/beta-2 microglobul 

FROM 



HIiA-B7 

coding seguenee 

HLA-B7 



HIA*B7 



synthetic linker 



607 



TO 



1620 



606 



1620 



IBBB 



RSV 3' l/TBi Promoter 



cDNA sequence 



30 



EMCV internal 



HIA-B7 
light chain 



coding sequence 



1BB9 



24B0 



24&0 



2B47 



2479 



2846 



2B70 



S'2 microglobulin CDNA 



3' UTR and 



2871 



3111 



40 



BGH transcription 
and poly A signal 



3112 



3151 



45 



kanamycin resis- 



3152 



4013 



Tn 903 



4014 



50 
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TABLE 2 



10 



pHLiA-B7 plaemid escpressioa vector 



poly A 



FROM 
1 



15 



1410 



1S60 



TO 
354 

1170 
1177 
1412 



DESCRIPTION 



prokeuryotic orx* of rep. 



Tn 903 



SV40 



SV40 small t Intron 



20 



KLA-57 



KIiA-B7 
3' DTR 

HIA-B7 



2BB0 



1794 



2880 



1795 



2886 



cDNA sequence 



3' UTR region 



RSV 3' LTR promoter 



30 



3416 



4059 



35 



40 



45 



Tbe optimization of the vectors includes tlie incorporation of 



to maximise gene expreesioa. A peptide is understood to be any 



translaticmally modified^ as 



of size« and whetlier or not post 
, for example, in glycosylation 



In one experiment, tlie ea^ression of HZA*B7 has been observed 



to be in^roved by the removal of a native intron and 
of a consensus 



the addition 
iDle 3. 



inclusion of the xtiicroglobulin 
a class I MBC gene has been 
histocompatibility molecule. 



lAich is composed of these two gene products. Ordi n arily, these two 



do not express 
ability to stably 



Some human cancer 
microglobulin, thus limiting 
class I on the cell stxrface. He 
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have found that the iacliaaion of the /8-2 microglobulin gene on the 
same plasmid alloi^rs for esq^ression in these other^fise resistBuit 
cells and Improves eaqjression in other cells, thus overcoming a 
potential mechanism of resistance* See Example 4. 

A further modification of the vectors involves the expression 
of a cytokine gene in addition to class I MHC and ^-2 microglobulin. 
The elaboration of cytokines such as 21/- 2 or GBa-CSP could further 
stimulate T cell immunity against tumors locally and improve 
recognition of tumor- associated antigens.. In eseperimental at^^™! 
models, the introduction of lli-2 has allowed for ieiproved anti -tumor 
efficacy (S. R. Fearon, et al.. Cell SO, 397 (1990)) 

" , 4n one ei 

are derived from viruses, and in a 
embodiment, they are derived from bacterial plasmids. 
vectors are likely to be at least as safe as standard viral vectors, 
as they ^11 not be introduced into a packaging cell line thus 
precluding iaeosporatim of other recombinant gene products into the 
delivery vehicle, .^additionally, plasmid vectors may even be safer, 
since the delivery vehicle is unlikely to be inserted into the host 
genome hence reducing the potential for insertiMial mutagenesis, 
Moreover, cells t?hieh e3g}ress genes encoding foreign 
histocoBE5>atibility antigens are to be eliminated by the host's 
immune system after several \syeeks in situ, minimising any eoncems 
regarding persistent ^scpression of i&oplanted genes in vivo. 7o 
maximize safety concerns, immunomodulatiag agents such as cytokines 
are preferably included on the same transcript as STOC antigens. 



foreign histocorapatibility antigen, thus ensuring only transient 
eacpressira of other eaeogenous sequences. 

Optimisation of plasmid vectors may be directed at any of the 
various stages in the lif q cycle of the plasmid, both in ciilture and 
in the animal, and both during transcription of genes and 
translation into p^tides. In one esabodiment of the invention, 
plasmid is gro^m in a standard aol± host strain, such as 

DHSa, DHIOB, HBlOl, 0^109, or XLl-'Blue, until the final preparation 
for use in, for eacample, patients. Introduction of the plasmid DHA 
into the S. coli host cell is achieved, by, for instance, calcium 
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replicates in an extrachromosomal form. Thus, in this embodiment, 
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t:l&e plasmid cosx^ainB an origin of replicatilon tbat: facilitaties DNTi 
Bynt.besis in prokaryotes. (Orher origins of replication tliat 
facilitate DHA synthesis in eukaryotes are conteBoplated in other 
embodiments ^?herein, for exainple, the vector is propagated in 
eukaryotic cells . ) Such origins of replication suitable for growth 
in prolcaryotes include, for exaoiple, those found on plasmid pBR322« 
plasmid ColEl, and pUC based plasmids . Applicants prefer the origin 
the replication derived from pBR322, 

In another embodiment of the invention, vectors are provided 



trait on host cells that is used to select transf ormants. In a 



resistance, i^tibiotics, hoi^ever, may cause adverse reactions in, 
for e%axGple, patients ^ho may be essposed to residual araoimts during 
the course of gene therapy. antibiotic such as ampicillin is 

found, for instance, to precipitate aziaphylactic shock and other 
allergic reactic»s ^shen administered to those \s?ho are susceptible, 
^sn^icillin also tends to deeoa^ose in culttire, rendering it 
unsuitable for the selection of transf ormants • To preclude the loss 
of plasmids during in vitro propagation, tmstefxil amounts of 
ampicillin are inclined to be used. Accordingly, in this preferred 
embodiment, the selectable marker most preferred confers resistance 
to an antibiotic that is safe and cheap to use. Such antibiotics 
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spectlnomycin, streptomycin, hygromycin, and kanamycin, %;hich is 
especially preferred* 

Recombinant gene easpression d^ends upon transcription of the 
appropriate gene and efficient translation of the message. A 
failure to perform correctly either one of these processes can 
resiilt in the failxxre of a given gene to be e^ressed. 
Transcription of a cloned insert requires the presence of a promoter 
recognised by the host H£3A polymerase. Hence, in another embodiment 
of the invention, vectors are provided that incoirporate promoter 
sequences for interaction with SWA polymerases to initiate 
transcription of cloned genes. Xn a preferred embodiment, the 
promoters interact td-th eukaryotic SMA polymerases . Such promoters 
include immediate early, HSV thymidine kinase, early and late 
SV40, bTRs from retrovirus, and mouse metallothionein-I . CMV and 
Rous Sarcoma Virus long terminal repeat (RSV LTR) are preferred. 

Efficient translation rec[uires that the mRKA bear a ribosome 
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binding site. In yet anoth.er embodiment of the invention, ribosome 
binding sites are introduced into the vectors so as to produce 
efficient translation of e3cp2ressed transcripts. Xn eiakaryotes, 
%7hich do not put multiple cistrons under control of a single 
5 promoter and transcribe them as a single message « escpression of 

polycistrons is a problem. For polycistronic plasmids, it is 
preferred, therefore, that the ribosome binding site be derived from 
encephalomyocarditis (S£€C) virus. *£hi8 site is incorporated into 
the vector ^?here it can function as an internal entry point for 
10 initiation of translation by eukaryotic ribosomes . 

Translational efficiency has been found to be regislated by 
specific sequence elements in the B' non-coding or untranslated 
region of the Positive sequence motifs include the 

translational initiation consezisus sequence (GCO^ C^TGG (Kozak, 
15 Nucleic Acids Res> 15:8125 (1987)) and the 5' 7 methyl GpppG cap 

structure (Drummond et al., BgugA^ii:_^&gdj|g_B^ 13:7375 (19B5)). 
£3egative elements include stable intramolecular 5' UTR stem- loop 
structures (mxesing et al., g^JJL 48:^91 (1987)) and JLUG sequences 
or short open reading frames preceded by an appropriate AQG in the 
20 5' UTR (Kozak, sunra. Rao et al., Mol, and Cell. Biol. 8 8 28^ 

(1988) ) • Vectors that feature positive sequence motifs facilitating 
translation and therein negative elements have been eliminated are 
provided in another embodiment of the invention. Preferred, in this 
regard, is the Kozak consensus translation initiation sequence, 
25 especially the sequence "G^ CSJKi G. ^ Also preferred is the RSV LiTR 

supra, %fherein an inappropriate poly A addition sequence has been 
altered, to preclude a negative effect on gene es^ression. 

In addition to transcription and translation concerns, mHHA 
stability must be considered. As a general statement , capping and 
0. 3' polyadenylation are the major positive determinants of mR£3A 
stability (Drummond et al. , Mueleie Acids Res . 13^7375 (1985) ; Roes, 
Mol. Biol, Med. 5:1(1988)) and function to protect the 5' and 3' 
ends, respectively, of the miRSSA from degradation. Other regulatory 
elements ^;*xich affect the stability of mRHAs have also been defined. 
5 The most notetble and clearly defined of these are the uridine rich 

3' untranslated region (3' UTR) destabiliser sequences found in many 
short half -life mR£3As (Sha%? and Kamen, Cell, 46: €59 (1986) ) , although 
there is evidence that these are not the only sequence motifs \!?hich 
result in mRHA destabilization (Kabnick and Housman, Mol. and Cell. 
0 8:3244 (1988)). Vectors designed to clrcxaonvent 
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des&abllization of mRSOks are provided in another embodiment of rbe 
invention, i^herein, for exaoople, they include 3" untranslated 
regions native to cloned genes. Vectors incorporating positive 
determinants of mRHA stability are also provided^ which 
deterainin an ts preferably constitute poly h addition seguenees. 
Polyadenylation sites derived from non-viral sources sure preferred 
to ©void contamination with viral gene products; for exanple, bovine 
groTjyth hormone gene derived poly A addition sequence is preferred. 
JQso esqpresely contemplated and preferred are viral sources of poly 
A signals, such as SV40, t^lxere essentially all of any open reading 
frames encoding viral proteins contained therein have been deleted. 

Gene escpression may also be mediated by intron seguenees. 
Such sites may isnderlie RS3A processing in the nucleus and subsequent 
transport of mR2SAs to the cytoplasm for translation. Such introns 
seem to fimction by facilitating splicing of expressed transcripts. 
According to another embodiment of the invention, vectors are 
optimized by inclusion of introns that facilitate splicing. A 
preferred intron is derived from SV40, >!;?herein essentially all of 
any open reading frames have been deleted to obviate contamination 
^ith viral gene products. Xn this same regard, vectors may also be 
optimized by deletion of introns . Xn a preferred embodiment of the 
invention, the cDMA encoding HIA-B7 is rid of a native intron 
resulting in enhanced gene ej^ression. 

The optimised vectors provided herein may operate as cassettes 
in %^bLich cistrons or polycistrons of interest are substituted for 
acting cistrons or polycistrons ^arhose expression is no longer 



^0 



9S£aA°S7/S-2 £^ere>globulin liaised 

The pHLA-B7/S-2 m. plasmid ea^ression vector is a eovalently 
closed circulEir VS!A macromolecule that may be biosynthesized in 
bacterial cells gro%m in a selection media requiring the expression 
of the kanatnycin resistance protein. 

In addition to the kanamycin resistance gene, the plasmid DNA 
encodes the heavy (human HLAB?) and light 0-2 microglobulin) 
proteins of a Class 1 ^ajor Histocompatability Complex (BSHC) 
antigen. The plasmid is designed to express these t^o proteins via 
a bi-cistronic mSS3A in eukaryotic cells. Initiation of 
transcription of the mRHA is dependent on a Rous Sarcoma' Virus 
promoter sequence derived from the 3' I^ong Terminal Repeat. 

m of transcription is dependent upon the polyadenylation 
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signal sequence derived from Che bovix^ gro^fLh horsnone gene. 
Sukaryotic cell translation of the heavy chain is regulated by the 
5' cap-dependent protein start site. Translation o£ the light chain 
is controlled by a Cap Independent Translational Enhancer (CXTS) 
sequence derived from the Encephalomyocarditis Virus. Finally » 
replication of the plasiaid in bacterial cells is controlled by the 
presence of a bacterial origin of replication. There are no other 

,c sequences. 

The plasmid has been characterised by D(B331 sequence analysis 
(SSQ ID no.l) . It is bp in sise, ^ith a base composition of 

2335 adenines, 2630 cytosines, 2€3 0 guanines, and 2335 thymines. 
This results in a wlecular weight o£ 3.258^^37 3U.O^ g.m.u. 

The pHlA&-B7/£**2 m. plasmid may be constructed using 
independent segments o£ t>mi cloned into a high c^^y number bacterial 
plasmid The plasmid cos^onents function to facilitate high 

levels of replication in bacterial cells, es^ress a dominate 



"s^hen Introduced into eukaryotic cells, effect a high level of 
oscpression of the tt^o Class I component proteins, :bia^'B7 and ^-2 



The backbone plasmid DHI^ is derived from pBR322, a vector 
%?idely used in molecular biology laboratories and ^hose origin of 



'^O 



plasmid, ColSl {Bolivar, R. , et al., Qene 2, 95 (1977). 
bp fragment of pBR322 x^ed in the plasmid represents the region from 
pBR322 base number 2244 (Ace 1 restriction endonuclease site; blunt 
ended) to base number 3153 (Bsp HI restriction endonuclease site) , 
tising the unique Eco Rl restriction endonuclease site as pBR322 base 
!• This backbone plasmid fragment is found betx;7een base number 4014 
and 4965 of pHIi^-B7/S-2 m. plasmid and comprises a bacterial origin 
of replication. It does not contain any open reading frames knorm 
to be e^ressed in either bacterial or animal cells. 

Biakaryotlc gene escpression is regulated by the Avism Rous 
Sarcoma Virx&s (RSV) 3 ' Long Terminal Repeat (LTR) promoter sequence . 
This sequence ws derived from the Schmidt -Rupp in strain of RSV 
(Si^anstrom, R., et al., J^roc. N&t'l Acad. Sai. U.SoA. 7@, 124 
(1981) ) and %fas cloned by isolating DS3A bounded by the Pvu II site 
at viral base number 8673 and the Bfa I site at viral base number 
-9146. The use of this promoter sequence to regulate the escpressim 
of heterologous genes in exikaryotic cells %ras described more than 
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10 years ago by Gosrtnan, et al. (Proc. ^at'l. Acad. Sci* U.S.A. 

79, €777 (1982)) • The RSV DS^ fragment: used in ^e con6truct:ion of 
&he pHIiA-B7/S-2 m. plasmid ii^as taken from the pRSV^-globin (Gorman, 
C, et al., Science 221, 551 (19B3)). Although this regulatory 
sequence is found in an avian retrorvirus, this 3' LTR has been 
tested and shotm to have no Intrinsic oncogenic activity in either 
avian or laaramalian cells (^estphal, C. , et al. , Cold Spring Harbor 
Byasp. Otiant. Biol. 50, 411 (1985); Mahon, et al., Proc. ^t'l. 
Aa&d. Bci. U.S.A. 85, 11S5 (198B) ; Overbeek, U. , et al.. Science 
231, 1574 (1986)) . The RSV l^TR promoter domain in pHL&-B7/£-2 
plasmid r^resents base pairs 1 through 529. This includes a 56 
base pair region of chemically synthesized oligonucleotide IM^ %7hich 
modifies this regulatory sequence to effect a higher level of 
eiakaxyotic cell e^cpression of the do^sn stream coding sequences. Hie 
oligonucleotide removes a polyadenylation signal sequence (i.e. 
AATJk&A %;ith TCT^fik, an ^a I restriction endonuclease site) 
originally found in the RSV DH^ sequence. It also introduces a 
strong translational signal sequence (Kosak, , et al.) proaeimal 
to the translati«^l initiating codon, A^^^G. Moreover, this 
synthetic oligonucleotide %?as also used to incorporate a ntsmber of 
restriction endonuclease sites (i.e., Sal I, Hind ZXX, and £!co 1} 
to facilitate sxsbcloning of both 5' and 3' imA elements. 

The coding sequences for human HIJ^-B7 and 0-2 microglobulin 
proteins are located 3' to the RSV LTR described above. ^?9hile the 
t^o genes 2or these proteins are located at separate locations 
^thin the human genome, the e3q>ression of the genes and assembly 
of the two proteins appears to be interdependent. Therefore, in 
order to foster a high level of eacpression and assenibly of the 
correct surface ELA antigen in a heterologous eacpression system, the 
ti^o dSSSA sequences have been cloned proximal to each other and 3' 
to the RSV promoter. Transcription of both sequences occurs via a 
single, bi-cistronic mR]S3A molecule is initiated by the RSV promoter 
domain and terminated by the distal bovine groi^th hormone 
transcriptional terminator /polyadenylation signal sequence . 
Translation of this bi-cistronic mRfiSA is affected by both CAP 
dependent (for KZa^-B7) and independent [0-2 microglobulin) 

ribosome recognition sequences • The CAP independent signal is taken 
from the murine encephalomyocarditis (EMC) virus genome and is 
cloned bet^^een the KLA^B7 heavy and light chains coding sequences 
and as part of the bicistronic toSiSSA* 



wo M/^^^ 



20 



-21- 

Tbe ElA-Bl cDKA sequence ^a,s isolated from a human B 
lyn^liocyte cDWA library and is close to the sequence found in 
GENBM3K (HUMMHB7A) . Moreover, it has been shown to induce an iraraune 
response characteristic of a foreign class I major 
S histocoRSJatibility cosplex antigen (Kabel, B., et al., Proc. N&t'l 

Acad. Sci- U.S.A. 89, 5157 (1»92) ) . "Ehe cDHk sequence begins ^th 
the A^^*TG (within an S3co I restriction endonuclease site) and ends 
at base au^er 1853. The open reading frame from (i.e- A"^to 
T*"^) ^ifithin this sequence encodes a protein with a predicted 
10 molecuilar weight of 44^200. The remaining 230 base pairs represent 

a portion of the 3' untranslated mHKA sequence. 

The sequence from base pair 185€ to 1888 is a portion of a 
multiple cloning site originally derived from a synthetic 
oligcmucleotide . It forms a jixnction between the HLA-B7 sequence 
and the murine encephalomyocarditis CAP- Independent Translational 
Enhancer (HflCV-CITE) sequence and has been used to facilitate 
siabcloning of both i^stream and do^;mstream sequences. 

The 58 i bp SMCV-CITS sequence is taken from a portion of the 
5' region (255 to 843) of cloned S^CV genomic DKA (Dulce^ G., et al», 
Jo Virology «S, 1S02 (1^92)). It is a non-coding regulatory 
sequence which functions as an internal entry point for the 
eukaryotic ribosomal subuaits when located within a mRSaA. molecule. 
Therefore, it enables the translational start codon (A^^°**TG) of 0-2 
microglobulin, downstream of the KLA-B7 stop codon on this 
biscistronic mH£3A, to be recognized by the ribosome (Parks, @t 
al., J-. Virology SO, 376 (1986)). 

The partial cDSSA sequence for the human microglobulin (the 
light chain of the class I MBC heteroduplex surface antigen) was 
originally published by Suggs, S. et al., Proc. ^tet'l ^cad- Sci 
30 U.S.A. 78, S613 (1981). Subsequent work by Alejandro Madrigal 

(Stanford tJhiversity Medical School, Palo Alto, CA) ha^ shown that 
the chiifflpansee p-2 microglobulin cDHA differs by only 4 bases from 
the h%2mcm sequence and encodes aui homologous fi-2 microglobulin 
protein. Consequently the chimpansee cDKA was used in the DMA 
35 construct. The 0-2 microglobulin open reading frame begins, as 

stated above, at A^^^TG and ends at T^^'^AA. 10 bases of the 
chimpanzee 3' untranslated domain remain downstream of this open 
reading frame prior to splicing of the sequence to a heterologous 
3' untranslated, transcriptional termination and polyadenylation 
40 signal sequences derived from the bovine growth hormone gene. 
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Splicing at: tills junction Lb c&nrled out using a synrhetiic 
oligonucleotide (pHLA-B7/&*2 m. plasmid base paiirs 28^7 to 2870) 
recognized by both Hind III and Bara HI restriction endonucleases* 
Base pairs 2871 to 3111 are derived from tbe bovine grot?th 
5 homone (bgb) gene {Oordoai, et al., Mol. Cell, Endocrinology 33, 81 
(1983)}. It begins at a blunt-ended Bgl II site %?it!iin the 3' 
untranslated region of the raH£3A coding sequence and extends to a 
point approsciraately 110-115 bases beyond the point of 
trax&seriptional termination and polyadenylatlon. There is a 

10 polyadenylation signal sequence (^^^^^ATAi^) located %?ithin this 

domain. The 39 base pairs located between 3112 to 3151 represent 
a synthetic oligonucleotide fragment to facilitate clra.ing« 

The final domain of pHLi&-B7/&-2 m. plasraid cocaprises the 
bacterially e^ressed kanasoycin resistance (kanamycin^) gene 

15 sequence. The gene is taken from the transposable element Tn903 

%fhich has been fxilly characterized (Oka, A« , et al., tJ. Mol. Biol. 
147, 217 (1961)} and sho%m to confer drug resistance through the 
esqsression of a 30,7000 UM. aminoglycoside 3 ' -phosphotransferase 
protein (Berg, D. etal., (1978) In Microbiolgy-1978 (Schles singer, 

20 D. ed.] pp 13-15 ^erican Society, for microbiology, Washington, 

D.C). The kanaraycin^ coding sequence is located on the strand 
opposite to that encoding the ei^karyotic HI^-B7 and 0-2 
microglobulin sequences and is therefore read in the opposite 
direction from the eukaryotic genes . The open reading frame for 

25 kanamycin' begins at A^^^^'TG and ends at T'^^J^. This sequence %m8 

cloned from a plasmid PSTSa, a commercially available plasmid from 
Novagen, Inc. (Madison, Wisconsin)* 
Cationie SslpotBO^iss end '^(iihi@lQ@ for ©on© &(&ll^@r^ 

The transfer of the optimized vectors provided herein into 

30* cells or tissues of organisms may be accoBoplished by injecting naked 

or facilitated by using vehicles, such as, for esample, viral 
vectors, ligand-DSilA conjugates, adenovirus -ligand-D23A conjugates, 
calcium phosphate, and liposomes. Transfer procedures are art- 
kno%ffn, such as, for eacample, transfection methods using liposomes 

35 and infection protocols using viral vectors, including retrovirus 

vectors, adenovirus vectors, adeno-associated virus vectors, herpes 
virus vectors, vaccinia virus vectors, polio virus vectors, and 
sindbis and other ItSSSA virus vectors. 

According to one embodiment of the invention, the vectors 

40 provided herein are complesced %7ith cationlc liposomes or lipid 
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vesicles . Cationic or positively cliarged lipososnes are f onmilationB 
of catiosiic lipids (CLs) ia coodbiaation m.th other lipids. The 
£omii:ilations may be prepared from a mixture of positively c ha rged 
lipids, negatively charged lipids, neutral lipids and cholesterol 
or a similar sterol. The positively charged lipid can he one of the 
cationic lipids, such as DMRXB, described in U.S» ^application Serial 
Ko. 07/686, 74t6, Tsihich is hereby incorporated by reference, or cme 
of the cationic lipids DOTm, DOTAP, or analogues thereof, or a 
combination of these. mRlS is l, a-di^^istyloxyprqpyl-S-dimethyl- 
hydroacyethyl aHnaonium bromide (see, eogr,, j. Feigner, et al., «T. 
Biol. Oiem., 269, 1 (1994)) and is preferred. 

saeutral and negatively charged lipids can be any of the 
natural or synthetic phospholipids or mono-, di-, or 
triacylglyeerole . The natural phospholipids may be derived from 
animal and plant sources, such as phosphatidylcholine, 
phosphatidylethanolamine , sphingomyelin , phpsphatidylserine , or 
phosphatidylinositol. Synthetic phospholipids may be those having 
identical fatty acid groups, incl%^ding, but not limited to, 
dimyristoylphosphatidylcholine , dioleoylphosphatidylcholine , 
dipalmitoylphosphatidyl choline, distearoylphosphatidylcholine and 
corresponding synthetic phosphatidylethanolamines 
^sphatidylglyeerols • 



di- or triacylglycerols r or analogues thereof, such as 
dioleoylphoephatidylethanolamine (DOPE) , whicii is preferred. The 




acid or a similar phospholipid analog. Other additives such as 

, glycolipids, fatty acids, j 



40 



or synthetic ass>hqphiles can also be used in liposome formulations, 
as is conventionally kno%m for the preparation of liposomes. 

« 

Substitution of the cationic lipid cosr^onent of liposomes can 
alter transfection efficiencies. Specifically, modification of the 
cationic species appears to be an isportant determinant in this 
process . A neu formulation of cationic lipids is preferred in %yhich 
a different cationic lipid, 1, 2- dimyristyloxypropyyl- 3 -dimethyl - 
hydroacyetheyl ammonium bromide (DBSRIE) , is utilized %rith dioleoyl 
phosphatidylethanolamine (DOPE) - This f ormxilation has t^o 
properties which make it more sixi table for transf actions . First, 
it shorn up to -7- fold increase in improved transfection efficiency 
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cooqpared t.o tkie. fonnula&ion DC- cholesterol /DOPS jLzz vitjro* See 
Sxample S . 

Importantly, this DMRIE/D0P2 f onmilation does not aggregate at 
high concentrations in contrast to the DC-Chol liposome. This 
5 characteristic thus allo%7s higher absolute concentrations of SSSh and 
liposomes to be introduced Into experimental animals without 
toxicity. See Sscasople 7. Because o£ these properties, it ^ovj 
becomes possible to Introduce 100-lDOO times more D£aA ^hich could 
markedly ioprove gene expression in vivo^ 8ee Sacas^le 8 » 

10 A preferred molar ratio of TMRXE to DOPS is from about 9/1 to 

a molar ratio of about 5/5 is particularly preferred. 
Using conventional eationic lipid technology and methods, the 
lipid compositions can be used to facilitate the intracellular 
delivery of genetic material coding for therapeutically or 

15 iramunogenieally active peptides . Briefly, such methods include the 

steps of preparing lipid vesicles conposed of eationic lipids and 
using these lipid vesicles to mediate the transf ection or transport 
of therapeutically or immunogenically active agents into the cells. 
The intracellular transport may be accomplished by incorporating or 

20 encapsulating the agent in the lipid vesicle and contacting the cell 

i^ith the lipid vesicles, as in conventional liposome methodology; 
or alternatively, by contacting the cells simultaneously ^th ets^ty 
lipid vesicles , cosxprising the eationic lipid formulations together 
t^ith the agent, according to conventicmal trans feet ion methodology . 

25 In the process of either strategy, the agent is taken vsp by the 

cell. The contacting step may occur In vitro or in vivo. 

8uch methods may be applied in the treatment of a disorder in 
BXk organism, comprising the step of administering a preparation 
cosxprising a eationic lipid formulation together %d.th a 

30 pharmaceutically effective amount of a therapeutically active agent 

specific for the treatment of the disorder in the organism and 
permitting the agent to be incorporated into a cell, whereby the 
disorder is effectively treated. The agent may be delivered to the 
cells off the organism in vitro or in viva. The in vitsro delivery 

35 of an agent is carried out on cells that have been removed f mn an 

organism. The cells are returned to the body of the organism 
thereby the orgranism is treated. In contrast, in vivo delivery 
involves direct transduction of cells %7ithin the body of the 
organism to effect treatment. Cationic lipid mediated delivery of 

40 vectors encoding therapeutic agents can thus provide therapy for 
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genetic disease by supplying deficient or missing gene products to 
treat any disease in ^fhich tlie defective gene or its product iias 
been identified, such as Duchexme's dystrophy (Kunkel, L. and 
Hoffman, E- Brit. Med, Bull. 45 (3) :630-643 (1^89)) and cystic 
5 fibrosis (Goodf ellOTs;, P. j^ature . 341(6238} :102-3 (Sept. 14, 1S8S) ) . 

The cationic lipid mediated intracellular delivery described 
can also provide imanmizing peptides. The above transfection 
procedures may be applied by direct injection of cationic lipid 
formulations together ^ith a vector coding for an imimmogen into 

10 cells of an animal in vivo or transfection of cells of an animal In 

vitro t^ith stsbsequent reintroduction of the transduced cells into 
the animal. The ability to transfect cells %?ith cationic lipids 
thus provides an alternate method for immunization. The gene for 
an antigen is introduced, by means of catioxxic lipid-mediated 

IS delivery, into cells of an animal. The transfected cells, 

escpressing the antigen, are reinjected into the animal or already 
reside %d.thin the animal , %9here the immune system can respond to the 
antigen. The process can be enhanced by co-administration of either 
an adjuvant or cytokines such as lympholcines , or a gene coding for 

20 such adjuvants or cytokines or lys^>hokines , to further stimulate the 

« 

lymphoid cells and other cells mediating the limmme response. 

l^ministration to patients diagnosed ^ith neoplastic disease 
of ma:^ liposome eonplesces for the treatment of ne^lasla Involves, 
preferably, intratumoral injectlw, by needle and syringe or by 

25 catheter (see infr-a) , of the completes. Flasmid in an amount 

ranging from about O.l microgram to about 5 g Is administered in 
from about 0.15 nanoB9olar to about 1.5 milllNolar liposome solutiui. 
In a preferred protocol, 0.1 ml of plasmid DNA (0.05 - 50 mg/ml) in 
lactated Ringer's solution is added to 0.1 ml of SMRXE/DOPE liposome 

30 soluticm (0.15 - 15 microMolar) , and 0.8 ml of lactated Ringer's 

solution is added to the liposome D£3A solution. In this preferred 
protocol, three aliquots of 0.2 ml each are injected into a nodule 
or ^e aliquot of 0.6 ml is applied by catheter. The patient, in 
this preferred protocol, is thus administered a dose ranging from 

35 about 3 microgram to about 3 milligram of DS^ and from about 4.5 

nanoMolar to about 4.5 micrcMolar DMRIE/DOPE. Doses are repeated 
at t^o-t?eek intervals. 

Optimal , trazisfection parameters relating to such aspects as 
toxicity and coiaposition may. be identified by comparing the 

40 effectiveness of SNR/cationic lipid formulations in transfecting 
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cells using ^he 96-well 

mle 12 £uid iias been 



platie assay ^liich is set foirth 
in detail elsetsrhere (e.g.« 



Feigner, J.H. and Feigner P^L., "Lipof ection, *" Protocol « i-n Cell & 
Tissue Culture . 1593, John Wiley & Sons) and may be confirmed in 
esqperimental aziimals prior to administration to patients. See, 
also, Sxa&Bple 14. 



In a preferred embodiment of tbe in'vention, direct gene 
transfer into target cells, such as tumor cells. In situ is employed 
as a method to optimise the delivery of genes In vivo. 
Traditionally, gene transfer techniques have fociased on modification 
of target cells in vitro, folloisired by transfer of modified cells. 
Such approaches subject these cells to selection and different 
grotufth conditions from those ^;$hiGh act In vivo. Because they also 
require that cell lines be established for each application, 
adaptability to buraan disease is more difficult and requires more 



It is preferred to deliver recombinant genes through direct 
intracellular injection and, more preferably, by the use of a 
catheter. Catheters have been used to introduce recombinant genes 
in vivo ( aee, eogo, E.G. S3abel, et al., Ps^c. N&t.l. Ac&d. Sci. USA 
89, 5157 (1992); E.G. Kabel, et al.. Science 2^3, 1285 (1990); E.G. 
S!abel, et al., Sci&nce 244, 1342 (1989); S.G. Sffabel, et al., aJo 
Clin. Xsve^t. 91, 1S22 (1993); G. Plautz, et al., Circ« 83, 578 
(1991); S. S3abel, et al., N&ttxre 3S2, 844 (1993)}. A catheter ^^as 
utilized in a human clinical trial for one patient li^ith a pulmonary 
metastases in a protocol directed to the treatment of melanoma 
disease using gene therapy. Treatment by catheter ^as t^^ell- 
tolerated by tbe patient. S3o con^lications or toaci cities ^re noted 
(see Ss^ample 13) . Compared to intratumoral injection, this 
intervention provides the ability to transduce a larger percentage 
of cells %7ithin the tumor microcirct^ation in order to achieve 
greater efficacy of gene es^ression, at the same time minimising the 
potential for inadvertent microscopic seeding of t%2mor cells to 
distant sites • 
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the pulmonary artery ^hich does not directly perfuse the tiaaor i^ith 
oxygenated blood. One may, alternatively, introduce the gene 
through feeding arteries* For eicample, the hepatic artery may be 
used to deliver WSSA liposome eomple^ces to either primary or 
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secondary tissiors met&statiic to the liver. 

Because tlois approach employs direct gene transfer in vivo, it 
can be applied easily in a clinical setting to spontaneoxisly arising 
tumors « alone or in combination t^ith cytokines or other adjixvant 
5 treatments, including ad^tive lysophocyte transfer, to augment tumor 

immunity. 

@s^r®@{il@n In Di££®r(ist Sls^r QoilX "^^9^^ ^ wi'^ 

Xt previotasly sho%m that the gene can be e^ressed 

in a fe%? different tumor calls in vivo (6.S. Plautz, et al., Proc. 

10 Jfatl. ^cad« Sci. USA 90, €iS^S (1993)). Our data suggests that 

successful esgpression of HL>^'=*B7 and &-2 microglobulin gene can be 
obtained in human melanoma (see Sscample 4) . Thus, according to an 
embodiment of the invention, treatment of human melanoma disease is 
provided. Also provided are treatments of other human cancers, for 

15 exaEs^>le, colon carcinoma, renal cell carcinoma, breast 

adenocarcinoma, hepatoma, Itsng carcinoma and pancreatic carcinoma. 

Particular aspects of the Invention may be more readily 
tinderstood by reference to the folloi;7ing escamples, ^hleh are 
30 Intended to exesplify the Invention, ^thout limiting its scope to 

the particular estemplified embodiments. 

grgpax:afcjj3;gL^ HLA-B7 & &-2 Microolobulln Containing Plasmid 
Jk vector for the esepression of HLA-B7 and £-2 microglobulin 
constructed by a series of steps. The starting construct %das 
the plasmid RSV S-glc^in (C. Gorman, etal., Science 221, 551 (1983) 
and C. Gorman, et al., Biol. Cell. Biol. 2, 10^4 (1982) ) in \5hich 
the HLi&-B7 gene c^^ ^s to be inserted. The RSV &-globln plasmid 
t^as cosposed of the amplcillin- resistance cietron and the origin of 
replication from plasmid p3R322 joined to a hybrid eiskaryotle 
transcription unit. The transcription unit In this plasmid ^as 
constructed of the RSV I^TR promoter, rabbit S-globin coding 
sequence, and SV40 miSSSk processing signals, including the small -t 
Intron and early region polyadenylation site. The fi'^globin gene %ras 
removed from the plasmid by digestion %7ith Hind IXX and Bgl 11. 
After treatment ^rith calf intestinal phosphatase (CIP) and Kleno^ir 
fragment of DK2^ polymerase, the backbone %^a6 used to Insert a Barn 
HI to Sal I fragment of HLI^-37 treated %n.th ICleno%7 enzyme. The 
fragment had been obtained from the pLJ HI^-B7 vector (E.G. Habel, 
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et al., PTOC. Nazi. Ac&d. SC±. USA B9, 5157 (1592)). 

The resiiltant RSV HLA-B7 plasmid iEsproved by the removal 
of an intron in the HLA-B7 coding segiAence. Removal of the intron 
resulted in higher esqpression levels in transient transfection 
5 assays of cultured cells. Site directed mutagenesis vs&b 

accosplished by ^my of the oligonucleotide-directed gap heteroduplex 
technique {6, Habel, D- Baltimore, Stature 326: 711 (1987))- 
Oligonucleotides having the sequence 5' -COG CCT GGG CCG CCC 
(bases 593-€l3 of 6EQ XO S70.1) and StJST CC& TCa^ G-3' %?ere eaaployed. 
10 The plasmid ^SV HIa^-B7 (intron-less) %7as fiirther modified as 

f olloura • 

Si ^Kozak" consensus translation initiation sequence (Kozak, 
Mueleic ^eid^^ Rea , 15: 8125 (1987)) t!?as added to increase 
translation efficiency of the HIa^-B7 message. Again, the 

15 oligonucleotide-directed gap heterodi^lesc technique ^as utilised. 

The Kozak sequence ^C^CC" tms inserted 5' to the initiatitti codon 
by the use of oligonucleotides having the sequence 5'-C^C CTC 
GCT TCA CCa . "SQG (bases 518-538 of 8EQ ID S30.1) and TGG TC& TGG CGC-^ 
3' (bases 539-550 of SSQ ID HO.l) . The product tms called RSV HI^- 

20 B7 (K) . 

In order to make the vector bicistronic, so that S-2 
microglobulin peptide %rould be es^ressed in addition to HLA-B7 
antigen, it ^ma necessary to include an internal ribosome initiation 
site to permit translatira. of the second message. To^mrds this end, 

25 a fragment containing such a site derived from encephalomyocarditis 

(BBSC) virus ^s removed from pCITS-1, procured from SSovagen 
(Madison, Mi.), by digestion ^ith Bco RI and ^a I. The fragment 
^5 ligated into pBluescript SK, a cloning vector pinrchased from 
Stratagene (La Jolla, Ca. ) , ^hieh had been digested ^ith £co RI and 

30 ^a I. The internal ribosome initiation site -containing plasmid, 

rendered advantageous by the presence of multiple cloning sites , %ms 
named pBS CITS I. 

A plasmid that feattired a £-2 microglobulin gene %?as 
constructed as folloi^s. The S-2 microglobulin gene %?as obtained as 

35 a Sal I /Bam HI fragment treated ^th IQeno^ from pB& Apr-l-B8eo, 

provided by Dr. Madrigal of Stanford University. The fragment ^as 
joined lapstream of a polyadenylation addition signal derived from 
bovine groisrth hormone gene by ligation into a plasmid containing 
such a signal. The plasmid, pRSV M^R, supplied by Dr. Gulp of Case 

^0 Western Reserve University, ^ms digested ^th Hind III and Xba I to 
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remove the gene encoding contained therein and treated ^ith CIP 
and Kleaoi^ before insertion of the &-2 microglobulin gene containing 
fragment. Using site directed mutageneais , the resultant plasmid 
imB itsproved by the additi«i of a Kozak sequence (CS^CC) to enhance 
translation efficiency of the S-2 aicroglobu Tin transcript. The 
oligonucleotides employed to direct the gapped heteroduplesc 
consisted of the sequences 5'-C&C C7C GCT TCA GCa TmG C7C and 
GCT COS 768-3' (A CCA TQS CTC GCT CC6 760 correspond to bases 2477- 
2455 of SBQ XD S?0. 1) . Thus, a plasmid %?as available, termed 
pRSVS2 (K) , that included the S-2 microglobulin gene positioned 
between a Kozak sequence and the bovine ^rmftb. hormone gene derived 
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Consequently, the multiple cloning sites in pBS CITS I ^ere 
estploited to place the S-2 microglobulin gene dotmstream of the 

initiation site. This ^s accoa^llshed by 
CITS I as a backbone in ^hich a S3co X/lba I 
fragment ^as removed, first, by digestion %d.th ^ba I and treatment 
%?ith SCLeno^, and, second, by digestion ^ith £3co 1. The S-2 
microglobulin gene, replete %7ith Kosak sequence and poly A signal, 
^as acquired as a fragment by digesting pRS^&2 (K) %rith Dra III and 
filling in %fith SClenoi;? and subsequently digesting %^th S^co I* 
Idigation produced a plasmid containing a unit composed of an 
internal ribosome initiation site f ollotTed by the S-2 microgldbulin 
gene and a polyadenylation signal. 

This unit ^6 inserted into ESV HIjA-B7 (K) i?upra as follo%7S. 
The HLA-B7 e«itaining plasmid partially digested by Bgl II 

sufficient to cut at that Bgl II site 3' of the HLA-B7 encoding 
sequence rather than at that Bgl II site internal to the HLA-B7 
gene. RSV HIaA-B7 (K) thus linearized, treated ^ith CIP, and 

filled in %d.th SCleno%r. The £-2 microglobulin eoss'^ising %mit %?a6 
r^Qoved as a Sal I/^ot I fragment that ^s subsequently treated %?ith 
Kleno^?. The ligation product contained a bi-cistronic transcription 
unit incorporating the RSV promoter follo^md by (in the direction 
of transcription} : the EIa^-B7 gene (attached to a ICosak sequence) , 
an interxial ribosome initiation site, the S-2 microglobulin gene 
(also attached to a ICosak sequence} , the bovine gromih hormone gene 
derived poly 3i site, and SV40 processing sequence. It %?as desired 
to remove the 8V40 sequence in order to reduce contamination ^th 
virally derived genetic material, but not until the arapicillin 
resistance cistron ^as deleted and the kanamycin resistance gene 
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obviate the use of as^iclllin selection ciuring the growth of the 
bacterial host, thB gene encoding aispiclllin resistance (b- 



5 lactasnase) ^s replaced ^ith the gene encoding kansmycin resistance 
(aminoglycoside phosphotransferase) from the bacterial transposon 
TXXBQ2. First p an NI partial/Sco RI digest of RSV (K) 

srupra ^ma llgated ^ith an HI/Sco RI fragment from the vector 
pST9a (IS^ovagen, Gtedison, ^i.) that encoded fcanamyein resistance. 

10 Second, the resultant construct* named kRSV mA-BHK) , ^s used as 

a donor of a S?de 1/Hpa I kanamycin resistance gene containing- 
f ragment . "This fragment ^ffas substituted for an Hde X/Hpa I fragment 
that coded for araplcillin resistance subsisting ^thin the plasmid 
of interest. The escchange of the antibiotic resistance genes having 

15 been cosopleted, the removal of the un%?anted SV40 sequence ^as 

addressed. 

The SV40 processing and polyadenylatlon sequence 
eliminated as a Sho X/Sco RI fragment. Sy partial digestion of the 
plasmid ^th £ho I and Bco RI, cutting %7as avoided in the kanamycin 

20 resistance cistron at an internal Sho I site and at three Sco RI 

sites in the bi-eistronic transcriptira xanit . Stabsequent treatment 
t;7ith ICleno^ and ligation produced a construct desirable In all 
aspects estcept one. 

Mi thin the RSV LTR ^s encrypted a polyadenylatlon signal, 

25 "l^T^^, "* that ^as izxappropriate by virtue of its location ^thln 

sequence Intended to fimctlon as a promoter. Using site directed 
mutagenesis, the poly A sequence %?as mutated. The oligonucleotides 
having the sequence 5'-CTA GC7 CGA TAG TCTL^axs^ CGC (bases 47D-<&dO 
of SSQ ID NO.l) and CAT TTG ACC-3' effectively directed the gapped 

30 heterodupie^, resulting in mutation of the un^^smted poly A signal 

and, additionally, creation of a ^a I restriction site. A plasmid 
encoding HLA-B? antigen and microglobiilln peptide "^s&s thus 

prepared featuring many advantageous characteristics. 

For exaxsple, the construct contained an origin of replication 

35 derived from pBR322, a bi-cistronic transcription unit under the 

control of a single promoter, a promoter derived from Rous sarcoma 
virus long terminal repeat (RSV-LTR) in ^hlch a poly A site had been 
mutated, an internal ribosoroe initiation site, consensus translation 
Inltiati^ sequences o^stream of the HLA-B7 cistron (from ^hlch an 

40 Intron had been removed) and the S-2 microglobulin cistron, a 
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polyadenylatlon additiion signal derived from bovine gr o^rLh. hormone 
gene, and genet:ic mat:erial encoding kanasoycin resistance. Although 
it is preferred that the recombinant plasmid encode HL&-B7 and S-2 
microglobulin, either cistron within the bi-cistronic transcription 
unit laay be removed and the backbone used as a cassette for the 
insertion of other cistrons for ^hich it is desired to achieve 
esepresaion. 

Database searching of the nucleotide sec^ence of the described 
plasraid through Genbank revealed no homology to oncogenes in the 
predicted open reading fratoes. Additionally, several papers have 
Bhcxmi that the RSV -s- pBR322 sequences used in this plasmid have been 
used successfully in transgenic mice and are not intrinsically 
oncogenic (f^estphal et al. , Cold Spring Harb. Symp. Quant Biol. 
50;411-^16, 1985; Mahon et al«, Proc. £9atl. Acad. Sci. USA 85:11S5- 
1168, 1988; Overbeek et al . , Science 231 slS7<a-1577, 19S6) . 
Moreover, the plasmid described here ^s analysed in a rat 



in colony transformation above background. 

[PIiS 2 



PranagatioQ of HIA^B? Cn git^alnl nc Plasmid 
This plasmid %^as prepared by beginning ^ith plasmid kREV HLA» 
B7 (K) supra. ?he kRSV HLA-B7 (K) construct contained a tremscription 
\3nit including the RSV LTR as the promoter for a cDHA encoding the 
gene for HIaA»B7 from ^hich an intron had been removed. A Kosak 
consensus translation initiation sequence ^as present. 'She 
transcription unit also included regions derived from SV40 iirhich 
allotted splicing at the 3' end of the cSSSA, and a polyadenylation 
signal. Additionally, the vector contained the origin of 
replication derived from pBR322 . Moreover, the recombinant molecule 
accommodated the dominant selectable marker for kanamycin 
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An overall reduction of SV40 sequences, from 1612 bp to 384 
bp, %?as engineered. Deletions removed tw open reading frames 
encoding portions of SV40 viral proteins, the small t antigen and 

The polyadenylation region uras originally cloned as a BB2 base 

a Bel I to SCO RI site from the SV40 viral 
sequences in this region coded for a viral 
structural protein, VPI. Elimination of extraneous regions of the 
SV40 polyadenylation signal %?as accomplished by deleting a 757 bp 
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fragment from Sco RI to Bam HI from kRSV KXa&-B7(K) « leaving a 236 
bp sequence containing tiie polyadenylatlon site. 

Tlie SV40 small t antigen intron tras originally cl^ed as a €10 
bp fragment^ although the intron region itself j^blb 64 hp in sise. 
a 452 hp portion ^as deleted from the Pf 1 MI to Bsa BI site of kRSV 
HIj&<-B7(K}, leaving a 14S bp region containing the intron. Shis 
deletion removed essentially all of the small t antigen open reading 



ThuSf an HL^-B7 antigen encoding plasmid %7as developed to 
incorporate many advantageous featx&res* For instance, by changing 



marker from ampicillin to 
uho are eaeposed to the plasmid, e.g., during 

su 
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^9hat is more, ais^icillin tends to decooapose in culture, so the 
plasmid is inclined to be lost dxiring in vitro grotrth; this problem 
is precluded by the use of a kanamycln selectable marker. 
lisS>ortantly, the eradication of t%;?o open reading frames encoding 
portions of SV40 viral proteins lot^ers the risk of t\3morigenicity. 
The vector may also operate as a cassette into tdiich elstrons may 
be inserted and removed at %rlll for the transcription and subsequent 
translation of peptides of interest. 

Database searching of the nucleotide sequence of the described 
plasmid through Qenbank revealed no homology to micogenes in the 
predicted open reading frames. In addltiont the plasmid described 
here ^as analysed in a rat fibroblast transformation assay and did 
not stimulate an Increase In colony transformation above background. 

SaCAMPLE 3 

^PRBSSXON USING MODIFIED HIA-S7 SXPRBSSION VICTOR 

FACS analysis of plasmid HIJ^-B7 escpression vector ^th no 
modifications or ^ith an intron removed and the addition of a 0^ 
globln c«i@ensus translatlonal Initiation sequence revealed an 
Inerease in esspresslon tfith these t^o modifications. 

™MPI^ 4 

EXPRESSION USmG mA>B7 ASgP MICROC5LOB, BXPRESSIOW VBCTOR 

Class MRC I proteins are co- transported ^ith ^-2 microglobulin 
to the eell surfaces. In 10^ of melanomas, 0-2 microglobulin and 
this claiss Z eacpression is lacking. To overcome this potential 
block to class X &SiC esepreaalon, %7e included 0-2 microglobulin in 
the vector. Escpression of HLA-B7 with or without 0-2 microglob ulin 
gene in a 0^2 microglobulin negative human melanoma line 
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ion of the 

mlcz-oglobulin gene alloc^^d ^he esepressioai of the protein on 

the surface of cells ^hlch otherwise not e^ressed. 

IMPROVBD THERAPY USISgG CYTOKIMB SEMES 

The introduction of a class I gene into tumors in vivo 

leads to T cell response against the foreign gene, ^hich also 
leads to recognition of tuaoor-assoeiated antigens . The antigenicity 
of the tusaor could be further augmented by the inclusion of 
cytokines ^hich could further esqiand the T cells t^rhich sire generated 
locally in response to this foreign gene. To determine %?hether this 
response can be further attplif ied» one might evaluate other cytokine 
genes, for eseample, 1X3^2, in coanbination ^ith HLA-37 in intratumor 
injections. In addition, one might also eacsmine the respozise to 
foreign MHC gene egression in the model using porcine arteries in 
vivo (SoC. Habel, et al., ProCo S8&tl. Ac^d. Sci. USA B9, 5157 

(1992) } . 

B3C&MPLB S 

TRMyggBCTIO lff EFFX(?3;g3^CY OF DMRXE/DOPS 

Cationic lipid formulations cosaprising DC-Oiolesterol/DOPS 
(5? 5 molar ratio) and D^SRIS/DOPS (5t5 molar ratio) ^ere used to 
transfect cells according to the procedure of Es&ao^le 12. 
Transf action efficiencies in vitro of the DC**Cholesterol/DOPS versus 
the DMEIS/DOPS cationic lipids %rare maasured using j5-galactosidase 
transduction of a renal epithelial cell (293) « hitman melanoma line 
(HMjIi) or a murine fibrosarcoma [MCA 205) . Compared to DC- 
cholesterol /DOPE, DHRIS/DDPB showed up to -7 -fold increase in 

e: 



I « 



The potential tcocicity of DK2^ liposome e 
in animals injected ^th D£SA liposome coniple^iies (plasmid HL^-B7 
infra. <^ DHRXE/DOPS) by tail vein in concentrations that ^ould escceed 
the amounts used in human trial by -100- fold. There %?ere no 
significant changes %^hieh t:90uld suggest major organ to^city. To 
address the concern regarding potential cardiac to3cicity, CPK levels 
^ere analysed, and no changes ti^ere noted after injectioi. 
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8ert2m biochemical parameters %?erd t^ithin normal limits after single 
(1) or multiple injection© {33t at 2-^?eek intervals) . There i^ere no 
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clianges in BtTN, creat;inine, SGOT, SGPT, alkaline phosp^trase, or 
bilirubin, l^raylase, phosphorous, and ^otal protein also remainad 
stable follo%?ing these treatsnents , both acutely and chronically* 
Finally, general safety tests revealed no loss in iireight or signs . 
5 of systemic toscicity after use of these WSh liposome cos^lesies* 

IMPROVED THERAPY ^tTH JX^ DMRIE/DOPE eoygp; ^^yEg 

The potential for i^roved therapy %7ith the n<a^ liposome 
foroculation DBSRIS/DOPS %?as escamined. C57/3LS ngice (H-2S^} ^ere 

10 inoculated subcutaneous ly in the left posterior hind flank on day 

0 %7ith timor cells derived from a sisbclcme of MGk 205, a murine 
fibrosarcoma (B<*38^} . Presensitisation ^as performed by 

subcutaneous injection of BMJB/c (H-2K^) spleen cells (5 3c 10^) on 
day -6, and (2 x 10^) on day Tumors ^ere injected %d.th 0.1 ml 

15 of a 50:50 mixture of DMRIE:DOPE, containing 74.7 nmol DMRIE in • 

lactated Ringer's solution, completed ^ith 5 fig of Q^[VH-2S^« or 
Q^-2K^, on days 15, 18, and 20. Tismor sise, calculated as the 
product of t%?o perpendicular diameters # ^ms measured on days 15 « IB, 
21, 23, 25, 28 @nd 30. Results indicated that the murine 

20 fibrosarcoma ^as poorly transfeeted by DC-Chol liposome using the 

concent rati«L of the DBORSS/DOPS formulation. mairked anti-tismor 
effect %7a8 obtained after introduction of a foreign fiSHC gene (H-2SC^) 
%7hich ^Tas not seen ^irith DC -Choi. 

25 PREPARATIQSJ OF 1 . S-DlMYRISTYIiQrgPRQPYIt- 

a-DXMBTHYIi-HYDRQmrETHY L .^OKTIDM BRQMXDB fPMRXS) 

DHRXB ^s synthesized using mdLnor raodif ications of the 
procedure developed for the synthesis of (Feigner, P.l^. et 

al., PiSa^ Ms 7'&13-7417 (1987)) • Thus, 3-dimethylamino-lt2- 
30 propanediol ^as condensed with myristyl mesylate employing basic 

catalysis to generate the corre sp o n ding diether» Subsequent to 
chromatographic ptxrif ication . of this lipophilic amine, 
guatranisation ^as effected by treatment ^ith 2 -bromoethanol at 
elevated temperatures* The ehroaatogra^aically purified product 
35 esdiibited IR, ^H-£?HR and elemental analyses consistent ^ith those 

predicted for the desired hydroxyalkyl ammonium salt. 

EXAMPLE 10 
C^TIQlglC Ii3 ;POSOME PRBPARATTQg? 

Cationic liposomes %;Fere prepared by miscing a chloroform 
40 solution of the lipid in a Beaton 2 ml glass septtsm vial and 
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removing the 
lipid film. Vials 



(SUV) 



by rotary evaporation to produce 
were placed imder vacuiim ovemiglit to 
ml of deionized water was added, ani 

for 1 minute at room temperature to produce 
vesicles (MSV) . Small sonicated 
prepared by sonicating tlie KLV 
sonicator (Beat Systems) for 60 minutes at 10 



degrees C. 



xo 



20 



P0LYNffq;L4E0T,j:;pfi/CftT?:QtnC HPIP Compi^kx FQRMftTIPy 
Polynucleotide complexes were pr^ared by mixing 0.5 ml of a 
10 ug/ml polynucleotide solution with 0.5 ml of liposomes at 40-100 
ug/ml. The diluted polynucleotide and liposome solutions were 
prepared from concentrated stock solutions by dilutions performed 
at room tenperature* This procedure results in positively charged 
conqplexes which will spontaneously deliver polynucleotide into 
cells. Different ratios of positively charged liposomes to 
polynucleotides can be used to suit the need. These methods are 
essentially as described in Feigner, P.L. et al., PKAS 84 ; 7413-7417 
(1987), and Feigner, P. and H* Bolm, Focus 11(2) Spring, 1989. See, 
also. Example 14. 
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TRANSFECTIQWS PROTQCXMiS 

Treuxsf ections %Mre carried out in 9 6 -well 

(1) The wells of a 96 -well microtiter plate 
20,000 to 40,000 cells per well; 

(2) Dilutions of caticmic lipid 



polynucleotide preparations from stock solutions were carried out 



by 2 -dimensional 
(3) 

mixed by 
corresprading lipid microwell; 
(4) The 



serial dilutions in two separate 96 -well plates 
dilutions of lipid and 



transferring an equal volume of polynucleotide to a 



serum- containing media was evaporated from the %fells 



40 



(5) A qniantity of about 100 ^1 of the cat ionic lipid/DNA 
complexes was added to cells in each well of the microtiter plate; 

(6) llie plates were incubated at 370C (5% CX)^) . At 4-24 
hours post transf action, an alicpiot of 10% serum in Optimem^ Reduced 
Serum Media obtained from Gibco/BRL, (Gaithersburg, Md. ) was added 
to each well; 
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(7) At th,^ exkd of tha lnc\ibation« the assay media of the 
cells or a n^hole cell lysate \m& assayed for expression activity. 

Inhere beta-galactosidase ^as the reporter gene, the egression 
%ms monitored colorimetrically, using 2-xiitr^henyl-^-D- 
5 galactopyranoside (OS7P6) or chlorophenyl red-^-D-galactopyranoside 

(CPRG) as a substrate, reading the plates %d.th a microtiter reader 
at 405 nm. 

CASHETER BASED SESgE DBLIVERY 

10 A catheter-based delivery introduction of a foreign MBC gene 

into a melanoma pulmonary metastasis %7as used in a patient v^ho had 
previously received gene transfer treatment. This procedure ^b,b 
tolerated ^ell %7ith no change in arterial presstires before and after 
treatment {23/12 mean » 10 versus 22/11 mean » XO) following gene 

15 transfer , In addition , no acute or chronic toscicity was noted after 

these treatments. Analysis of hematology, chemistry, and immunology 
assays revealed no additional abnormalities up to € ^^eeks after the 
initial treatment. 

Patients diagnosed %^th melanoma are admitted to a clinical 
research center. The tumor nodule to be injected is identified and 
its borders measured prior to injection. A needle biopsy is 
performed to confirm the diagnosis. Tissue is stored as frozen 

25 sections for further immunohistochemical analysis and PCR. Xn 

addition, this nodule and other control (untreated) nodules are 
imaged by CT immediately prior to the procedi&re, and the size 
quant itated. The skin overlying the ttzmor nodule is sterilised and 
anesthetized using .01% lidocaine. For gene transfer, a 22-gauge 

30 needle is used to inject the DKA liposome omplex which Is prepared 

as follows: 10 minutes prior to delivery, O.i ml of plasmid 
(.05-50 mg/ml) in lactated Ringer's solution is added to 0.1 ml of 
S£4RIS/D0PS liposome solution (.15-15 t^W . Bach conpment is stored 
separately in sterile vials and certified as acceptable by the FDA. 

35 The solution is left at rorai temperature for 5-10 minutes and 0*3 

ml of sterile lactated-Ringer's is added to the liposome DS^ 
solution. The optimal compositicm of the DKA/liposome complex has 
been established for each batch by titration of Dfi3A concentration 
and liposome concentration independently on human melanoma or renal 

40 cell carcinoma ia culture, and confirmed by direct injection into 
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melBnon&a or other tiuzoors in experimental animals prior to use* Each 
Qasopaaa,w.t g the liposome preparation and the DHA., . is tested for 
contaminants and toxicity and used according to previously 
established guidelines from the FDA. The liposome solution and DH& 
5 are aliquoted in individual sterile vials missed under sterile 

conditions . 

The optimal dosage of plasmid may be readily determined using 
eonventimal eGopirical techniques. For escample, to optimise dosage 
for direct injection of the m^^-Bl plasmids, escalating doses are 

10 studied. Foxir groups of patients are studied sequentially ^7ith at 

least 1 month of observation prior to evaluatl«i of the next groo^. 
Patients in each group receive intra tumor injections. Qroi^ I 
receives 3 injections of 0.2 ml ^thin the same nodule (2 fis o£ DNA 
4 . S nsa £^SRXE/DOPS) - Group II receives the same treatment t^ith a 

15 10-fold higher concentration of t>^ liposome coonplex^ Group III 

receives a 100- fold higher dose, and Group IV receives a 1000 x 
higher simount* Pre- treatment t?ith lo%7 dose Cytoxan may iiooprove the 
anti-tumor response by eliminating sirg^ypressive T cells. 

For catheter -based gene delivery, the seme dose escalation is 

20 used, except a single 0.^ ml injection into th<3 end artery %irhich 

perfuses an isolated nodule is used ^ith an occlusion balloon 
catheter. In murine and porcine models, the highest treatment 
exceeded these proposed doses by 100-fold and are ^11 -tolerated. 
Doses are repeated %?ithin each subject for %;fhom the toxicity 

25 treatment is ^th & grade II. Dose escalation begins if patients 

Bha^ toxicities < grade III from the treatment. If one/third of 
patients displays toxicity > grade II, the treatment is repeated on 
additional patients. If more thsua one -third of patients develops 
toxicity > grade II, the dosage is reduced. The msiximal tolerated 

30 dose is defined as the dose at %Jhich one/ third or more of patients 

develop grade III or IV toxicity. The treatment dose is established 
at one level beloe? the maximn^ tolerated dose. Once the treatment 
dose is defined, an additional nusober of patients is entered at that 
dose to ascertain the safety of this dose for %^ider application. 

35 Prior to the injection ^ith the needle in place, gentle 

aspiratlm is applied to the syringe to ensure that no material is 
injected intravenously. Immediately after the injection procedure, 
a blood sas^le is obtained to check serum ensymes, chemistries, and 
blood counts, and to analyze for the presence of plasmid DSOl in the 

40 peripheral blood by PCR. The patient is observed in the clinical 
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research center £or an addi tioxial 48 lioxurs. If there are no 
cozxQsllcations , i:he parlent is discharged after ^8 hcnirs. Should any 
abnormalities appeEir, the patient is kept for further observation. 
Cenf isa^stiea &S @qs&@ ^^@f®r g&nd Ssepr®©@i@n 
5 £3eedle biopsy of the injected nodule is performed after 

administratis of local anesthesia prior to injection and subsequent 

« 

to treatment. A portion of this tissue is processed to obtain DKA 
for PCE analysis. "The remaining tissue is processed for pathologic 
analysis and inmunohistocheiaical and/ or isBaunof luoreseent staining. 

10 If sufficient siaterial can be obtained, PGR analysis is also 

performed. For internal organs, CT or ultrasound guided thin needle 
biopsies is also obtained %^en possible. 
^;^lyoio @£ Ss^Eim® ^@@p@n£^o 

Svidence of gene transfer can also be obtained indirectly by 

15 examination of the specific issemme response to HLA-B7. The analysis 

is performed as follows: t^.^^eeks prior to the initial treatment* 
a blood sample is obtained to derive lysiphocytes ^ffhich are 
immortalised using the ^stein-Barr ^vlrus. ^ aliquot of these 
cells are fiirther infected %rith an amphotrppic mA-Bl retroviral 

20 vector, and egression is confirmed on the cell surface. These 

cells are subsequently used in the laboratory as target cells for 
the cytolytic T cell assay. 
21ep@at@d ^Qa^ts@si^ 

If no adverse side effects of the treatment are observed, 

25 repeated injections are considered at t%^-tfeek intervals. Doses 

identical to the initial treatment regimen are repeated tsrith similar 
protocols and observation as described above. 
Confis^^tios @£ ^@c@@blnant @@ne Sssprosisien 

Several independent techniques are used to evaluate the 

30 presence and esspression of the recombinant genesis vivo. Monoclonal 

antibodies to are tised to detect the recombinant gene product 

In viva by iTEsmmohistochemistry . Fluorescence staining of freshly 
dispersed cells is also evalt:tated. The presence of plasmid Dm is 
confirmed by ?CR of DS3A from tumor tissue, peripheral blood 

35 lymphocytes, or in autopsy specimen tissue. If stxfficient tissue 

is available, RSail is isolated and eseamined for the presence of KLA- 
B7 mR£3A by PGR or SI nuclease analysis. 
&n£Llymi.^ of £^R£se I^eaponob 

Direct gene transfer and escpression of the HLi^-B7 gene may 

40 sensitise the patient to Bli^^B? and lead to the generation of an 



wo 94/29469 



PCTAJS94/06069 



-33- 

liwmme respcmse t:o ^liis antigen. Iiimi^lng dilution analysis ILDA) 
is utilized to evaluate alterations in the frequency of helper and 
cytolytic T cells for EliA-67 in tJie peripheral blood following 
direct gene transfer. Peripheral blood lynphocytes (PBL) are 
5 isolated and cryopreserved prior to, and at 4 -week intervals, 

following the initial direct gene transfer. At the completion of 
treatment, sauries of PBL from each time point are simultaneously 
evaluated for responsiveness to HLA-B7 by eulturing PBL, under LDA 
conditions, with autologous EBV-B cells transduced with the HLA-B7 

10 gene. Antigen specific elaboration of XL-2 or generation of CTL to 

HUl^B7 positive target cells are the indices evaluated in these 
studies • The presence of antibody is evaluated by FACS analysis of 
a matched pai.r of BLA*B7^ or ELA-B7^ cell lines. In some instances, 
lymphocytes are isolated directly from the tumor, expanded in tissue 

15 culture, and analyzed for cytolytic function. Tumor biopsies at 7- • 

14 days after treatment are analyzed by iimnunohistochemis try . It 
may be attexspted to expand draining lymph node T cells or TIL cells 
to test their cytologic function. It may be possible to derive 
autologous cell lines to be used as targets in ^^Cr release assays. 

20 An attempt may be made to excise tumor tissue prior to treatment for 

diagnosis, immunohistochemistry, and cryopreservation and to 
evaluate delayed type hypersensitivity reactions to the tumor before 
and after treatment. 

25 ^Thile partic\xlar embodiments of the invention have been 

described in detail, it will be apparent to those skilled in the art 
that these embodiments are exemplary rather than limiting, and the 
true scope of the invention is that defined within the following 
claims : 
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S&QOSKCB I«I STING 



(1) GE23HRAL IKF0RWITIC3N 



(i) APPLICANT: Vical Incorporated 

RegentB of the Ibiiversity of Michigan 
Kabel, Elizabeth 
Nabel, Gary 
Itew, Denlse 
Marquee , Magda 



(11) TITIiB OF THE INVENTION: PIASMIDS SUITABLE FOR GENE THERAPY 
(ill) NOMBSR OF SEQUENCES: 2 

(Iv) CQERESPONZSENCS ADDRESS: 

(A) ADDRESSEE: Kndbbe, Martens, Olson and Bear 

(B) STREET: 620 Newport Center Drive 16th Floor 

(C) CITY: Newport Beach 

(D) STATE: CA 

(E) CODNTRY: USA 

(F) ZIP: 92660 

(v) COMPUTER READABLE FORM: 

(A) ME DIUM T YPE: Diskette 

(B) CONPUTKK: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: PastSBQ Version 1.1 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vil) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/074,344 

(B) FILUKS DATE: 07-JUN*1993 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Israelsen, Ned 

(B) REGISTRATION NUMBER: 29,655 

(C) REFERENCE/DOCKET NUMBER: VICAL. 033VPC 

(Ix) TELECOMMDNICAnON INFORMATION: 

(A) TELEPHONE: 619-235-8550 

(B) TELEFAX: 619-235-0176 

(C) TELEX: 



(2) INFORMATION FOR SBQ ID NO:l: 

(i) SEQU ENCE CHARACTERISTICS: 

(A) LENGTH: 4965 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: circular 



(ii) MOLE CULE T YPE; cDMA 
(ill) HTOOTHETICAL: NO 
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(iv) AKTISSMSE: MO 

(v) FRfil^ffiNT TYPE I 

(vi) QRXGIH^ socmen : 

(B) CLiQ^: SI^*B7 ax^ Bet£i-2 

(aci) SSQ05fi9CS DSSCRlPTXOfii: SSQ ID £30:1: 

CTGCTCCCTO CTTC^^STCTT GGftC^STCGCT GAST^CTGOS GCS&GraJ^T TT:^ftGCi:AC& 60 

AC^AGGC^ftO SCTTG^COGA CA^TTQCaTC AAGftATCTGC TX^GGGTTAQ 6CCS777TGOG 120 

CTGCTTC6C3S ATGmCSGGC CaSMaTACG CC3!EATCTGAG GGG^XHr^GQG TGTCSTTT^£3G ISO 

CGAAAaSCGG GQCTTeeOCT GmOSaSGTT AGGAGTCCCC TCS^GGlATAra. GTAGTTTCGC 240 

TTTTGC^SaG GSaGGGGSSA <^TGT^aGTeTT aTQC^TaCT CTTCSTI&GTCT TSCAACaStSG 300 

Ti&^G&TG^ TmQcmi::^ @ccrmc^^ g&g^gs^^a^ qc&ccgtgc^ tgccgattgg 3so 

TGG^AGT^G GTGGmCG^T CCTTGCCrmT !i::^GG^^GGCA a^Cft GI^CGGGT CTG^^TGGA 420 

TTGGAC^I^C CACfXSaa^^ CSCMTCSCaG ACSaxaCTGTA TTT^GTOCC TIftGCTCGaXA 480 

CTC!EAGAC2GC CaTTTGACCA TTCACCACaT TGGTGTGCAC exCCaAGCTT CACC^2?GGTG 540 

G7CftTG6C3GC CCCGS^CGT CCTCCTGCTG CTCTCGGCGG CCCTGGCCC? G^CCGI^G^CC SOO 

7GGGC0GGCT CCCftCTCCAT 6ft{^3TaTTTC T^C^CCTCCG TCTCCCGGCC 06GCCG0G0G SSO 

Gy^GCCCCGC? TGRTCTC^T GGGCT^OSTG GA06AC»CCC »mTCSSTG&Q GTTCCS^C&GC 720 

GM^GCCGOGH GTeCG^OiftGA. GG^GCO@0^ eOGCCGTGGA mC^C^XSG^ GGGGCCGO^ 780 

TATTGGG^^X^ GG^C^C^Ca GS^TCmC^^ GCCC^^C^C ^GIACTGSCCG MSiMsMSCCTG 840 

CGG^^CxGC GCGGCT^Cn^ C^^^C^O^C GAGGCCGGGT CTC^C^CCT CC^GAGC&TG 900 

SAOGGCTGOT ACGTGGGGCC GGAC3GGGCGC CTCCTCCQCG GGCaTGACCA GmCGCCTAC BSC 

GAC3GGCaaG6 ATmCATCQC CCTG^OS^ GACCTGC3GCT CCTGG^COGC CGCGGAC^CG 1020 

GCGGCrC&G^ T^CCCS^SCG CA^GTGGG^G GCGGCCCGTG ^GGGGG^C^ GCGG^^GAGCC 1080 

T2^C2!GG^G GCG^GTGCGT GGMITGGC7C CGC^CS&X&CC TGG&G&ftCGG WMSGfiCMUQ 1140 

CTCGftGCGCG CTGiS^CCCOCC M^^GS^GkC^ GTGS^CCC^CC SCCCC^TCTC TGftCCMiGAG 1200 

GCXIACCCTGA GGTGCTGGGC CCTGGGCTTC T&CCCTGCGG JWG&SfCftC^CT GACCTGGQ^ 1260 

CGGGA!rGGa? .^GGS£SCS^&»JC Tra^GG^G^CT 63%GC7T8TGG MGSiQCSUSSUSC S^GC^GGAGAT 1320 

AGI^SJCCTTCC ,aGa^GTGGGC ^CTGTGGTG GTGCCTTCTG GS^Sft^AGAGCA G^GAmcaJCA 1380 

TGCCaTGmC ^eaS^GSJ^G GCTGCOS^G CCCCTC^CC TG&GATGGGa. GCCGTCTTCC 1440 

CAGTceaceo Tccera:raGT GGGcafmsTr gctggcctgg erG^ee^AGc ^GT^fGTGGTC isoo 

AT^GS^GCXG TGGTCGCIGC TGTGS^TGT ^GG^GG^^G^ GTTCAGGTGG ^SJ^^GG^GGG 1560 

^CTACTCTC AGGCTGOGTG CAGC3GAC^GT GCCCaGGGCT CTGAffGIGTC TCTC^CAGCT 1620 

IGAA^AGCCT GaG^^C^GCTG TCTTGTGaGQ G&CTGAfiaTG CaGG&TTyCT TC^CGCCXCC 1680 

CeTTTGTG^ TTC^^GAGCC TC7GGCATC7 CTTTCx^GC^ ^XSGC&CCTG£^ ATGTGTCxGC 1740 

GTCCCTGTm GC^.3!^^SCTG .SiGG^GGTOGa. G&GftC^GCCC .&CCCTTGTGT CC»^CTGTG&C 1800 

CCCTCTTCCC ATOOmCCT GTGTTTCCTC CCCftiSTCATC TTTCTTG7TC CAGGTCG^GA 1860 

TC70GM3GG7 &TOGa.T»^ftGC T3!G%!£!ft?0G^ .^!rTCOGCCCC CCCCCCCCCC CCCTM^COTT 1920 

SjCTGGCGQAA GCCGCTTGGA AT&^GGCCGG TGTGCGTTTG TCmTATGTT ATTTTCC^^ 1980 

ASa^^GCCGT CT TTTG GG&a ^mGAGGGCC CGG^^^^CTG GCCCTGTCTT CCTGACG^GC 2040 

^^reCXAGGG GTCTTTCCCC TCTCGCOy^ GG^TGCS^ GTCTGTTC^A "irGTCGTG^^ 2100 

GA^CAGTTC CTCTGG&^C TTCTTG^^G^ C^^^C^&CGT CTGX^CG^ CCTTXGC^GG 2160 

CAGCGG^CC eCCGS^CTGG CG^^GGTGC CTCTGCGGCC AA^S^ftGCCACG *2GXa3!aAGA.T 2220 

.^^C^CItSC^ ^GGCGGC^^ ^CCC^TGC CM^^STTQTG^ GTTGG^3!^T TG7GG&&^G& 2280 

GTC^^'XGGC TCTCC?^^ OG^TTC^C &S^GGGGC!£G^ AGG^^CCC^ GASGGX&CCC 2340 

eaTTGTiaSGG GaTO^GASrCT GGGGCC7CGG TGCAC&TGC7 TmC^TOTO? TTI^GTOG^GG 2400 

TT2^A&SAJ%^ GTCT2^GGCCC CCCGSJ^CC^ GGGGACGItSG 7T77CCTTXG .^^^.^^^^S^^OGI^ 2460 

TG&TMITOTC GOC^Cfi^CC^ TQGCTCGCHC OGTGGCCTXS^ 0CTCTGCT06 CGCTftCTCTC 2520 

TCTTTCTGGC CT^GG^GGCm TCCAGCG^C TCC^^aG^TT CAGGTraaCT CaCGTCASCC 2580 

^GCftGAGAAT GGAAAGTCSA ATTTCCT^GSA TSGCmTGTG TCTOGGTTTC ATCCATCCGA 2640 

OATT^^^^kJSTT GaOrmC^GA .a^ATGG^Ga GaGaaT^TG^a &£^TQGmC aTTCaoaCT? 3700 

GTCTTTCAGC aAGGACTGGT CTTTCTaTCT CTTGTACTAC ACTGAaTTCa CCCCCACTGA 2760 

AAAaGaTGAG TATGCC^GCC GTGTGAaCCA TGTGACTTTG TC^GAGCCCA AGATAGTTAA 2820 

GTGGGATCGa GACATGmAG CAGCATCATA ^GCTTCGAGG GATCCTaGAG C7CGCTGATC 2880 

AGCCTCGACT GTOCCTTCm GTTGCCAGCC a!PCTGTTGTT TGCCCCTCCC CC3GTGCCTTC 2940 

CTTGACCCSG GaaGGfGCCa CTCCCae^G? CCTTTCCXAA TM^MLT&GG aaASTGCATC 3000 

GC&TTGTCTO aG7.aGCTG7C M^TOT^TTd: G6GGGGTGGG OTGGGGCAGG MS^SSCMGGQ 3060 

GG&GGftirraG GaaGACAAZA GCaGGCASGC TGGGGATOOG GTGGGCTCT:^ TOGCTTCTGA 3120 

GGCGGaaaGA ACCAGCIGGG GCTCGAaA^TT CTTaGAaAAA CTCATCGAGC ATCaaASGAA 3180 

ACTGCaa^TT aarcamTCA GG&TTaTCAA TACCM^aTTT TTGAAAA&GC CGTTTCTGm 3240 

^TGAAGGAGA aaaCTCaCCG ^GGCAG^CC ATaGGATGGC AAGATCCTGG XATCGGTCTG 3300 
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CGAtrrCCGAC TCGTCCSACA TCftATaCAAC CTA!raAATTT CXXTCTCGTCA AftAATAAGGT 3360 

TATCaA CTGA GAAATCACCA TGI^iSTGl^CG^ CTGAATCCGG TGACSfiASXSGC AAAAGCTTAT 3420 

GCaTTTCTTT CCAGACTTGT TCAMaGGCC AGCC&TmCG CTCGTCAfTC^ AAATCACTCG 3480 

CATCmCCAA ^aSTTATTC A^TC^^PGATT GOSCCTG^C GAGAOSAAAT ACGCGa.TC6C 3540 

TGTms^a^GG g O^g ^l^Cm ^C^G^ATCG ^AStSCAACCG GOSCAGSAAC ACTOCC&eCG 3600 

carcftAcaar a^xt^gacct Q&arcAGGaT M^rcTTcraA TaccroesAT acrcnrsTTcc 3Gso 

eGGGGATCGC &GTO6TGftG7 AaCCATGCAT CATCaGOaST ACGGASaAAA TGCTTCaTOG 3720 

TCSSGMXaaOG C& Tg^T TCC GTCAGCCaOT TTIAGTCTGAC CATCTCATCT CHIAACATCM* 3780 

TGGCAACGCT AeeT!raGCCA !rGTTTGAGAA ACAACTCTGC CGCaStSGGGC TTCCCaSACA 38^0 

ATCGMi^isaT TGTCGeaccT Gar^GCccGA CMTmrascG .^Gccca^xm mcccA!m3!A 3soo 

AATCaSG^TC CATtST^^^AA TT^^TCSGCG GCCTCGAGG^ SdEACSGTrTCC CGT^G^imS' 35S0 

GGCTCamAC ACCCCmsm TSACTGTTTA TG^AGCAGA GSsGTTTmTT GT^CaTGACC 4020 

AfivS^TCCCTT A&CGTG AGTT TTQG TTCG^ TGftGCGTCAG ^CCCOTAGA «080 

GG^CTTCra GAEarCCnr T^rarCTGCaGC GTAaSgCroCT CCTTOCaaAC AAAAAAACCA 4140 

CCGCmCCaC CGGTOGTTra T2TGCC5QGRT CSASaGCTaC CAACTCTTirr TCCSGSACSGTA 4200 

ACTGGCraCA 6GASAGGGCA CaTaCCAftAT ACTGTCCTTC TACTSraOCC GTAGTTAGGC 4260 

CACCACraCA AGAACircroT AGCACC3GCCT ACATIACSCTOG CTCTGCmAT CCTGTTACCA 4320 

GTGGCXGC7G CG^STGGOSh ^AAGTCGTGT ^TACCGGGT TGGACTCAAG AO^fEaGTTA 4380 

CaSCSam^GG ^CAGCGGTC GGGCXGAACG GGGGGTTCGT GCACACAGCC CAGCTTGGAG 4440 

CQAACGACCT ACACC3GAACT GaGATACCSA CAGCGTGAGC TATC^^CSAAAG CX3CCACGCTT 4500 

CCCGAAGGGA GAAAGGC^GA CAGGEATCCG GXAAGCGGCA GGGTCGGAAC AGGAGAGOGC 45S0 

AC^GG GAG C TTCCAGGGGG ^iAAC3GCCSGG TATC^TTmSA ^TCOTGTC^ GTrTCGCGAC 4S20 

CTCTGACTTG AGCG TCGATT TTTGTGS5GC TCGTCSjEGGG GGCGGAGCCT ATGGAAAAAC 4680 

GCCAGCAACG CGGCCXXXTX .^^3GGT2'CCTG GCCTTraGCT GGCCKTTGC TCACATGTTC 4740 

•TTTCCTGCGT SASCCCCTG^ ^fSCTGTOGAT AACCGXaraA CCGCCTTTCA GTOAGCTG^ 4800 

ACCGC70GCC GCA GCC3GAA C GACOGAGOGC AGCG^TCAG 7GAGOGAGGA AGCGGAAQAG 4860 

OGCCTGA!roC GGEATCTTCT Ce7!£ACSGCA7 CT8TG0GGTA TTTC^CS^CG CATATGGTCC 4920 

ACTCTCACSm ^ATCTGCTC TGATGCGGCA TAGT^AGCC ^GXAT 4^65 

(2) SS^OSMATXC^ gOH 1^ ID S80;2s 

■ 

{i) CSaHAC!rgRISTlCS ; 

(A) XiSfiSG^: 4059 ba^s pairs 

(B) TYPE: saueleic acid 

(C) STRASra^SSSSS s double 

(D) TOPOLOQYt circular 

(ii) SaOZ^BCaXjS TYSS: cxm 

(iii) BYPorasrxcAL: sgo 

(iv) AS3TISBSSSE: S90 
(V) FRAQS3KNT TYPE: 
(^) ORIGIHAli SOtSRCS: 

(B) CLONB: HLA«>B7 

(sci) SSQDESaCS DSSCEIPTIQH : SSQ ID £30:2: 

CTGGTA^i^G 6ATXAC3CAGA GOGAGGSATG SAGGCGGTGC mraGAGTTC TTCAASTGGT SO 

GGCCIAACm CG6C2ACACT AGAAGGACAG TATTTGCTaT CTOCSGCTCTG CTGAAGCCAG 120 

TTA CCTTCGG A AAAAG ftfiyT GG^aGCTCTT GATCeGGCAA ACAAACX:ACC GCTGGTAGCG 180 

GTGGTTTTi''r TGTTTGCAAQ CAGC^GATm CGOGCAGAAA AAAAGGA5*CT CAAGAAEATC 240 

CTTTGAS'erT TTCIACGGGG TCTGACGCTC AGTGGSAOGA ^AACTCACGT TAAGGGA^TT 300 

TGGTCASGAA eAATAAAACT GTCTGCTTAC ASIAAACAGTA ASACAA6GGG TGTTATGAGC 360 

CASATTCAAC GGGAAAGGTC TTGCTCGAGG CCGCGATTAA A!rTCCAACAT GGATGCTGAT 420 

T2AXATGGGT ASIAAASGGGC TCGCGATAAT GTCGGGCAAT CAGGTOCGAC AATCIATC3GA 480 

TTGTATGGGA AGCCCGATCSC GCCAGAGTTG TTTCXGAAAC ATGGCAAAGG TAGOGT^CC 540 

AATGATGTTA CAGA^G AGAT GGTCAGAC^ AAC7GGCTGA CGGAATTSAT GCCTCTTCOG 600 

ACCATCAA6C ATTTmTCOQ TACTCCTGA3: GATGCATOGT SIACTCACCAC TGCGATCCCC 660 

GGQAAAACAG CATTCCftSCT A^mOAAG^ TATCCTOATT CAQGTGAAAA 2ATTGTTGAT 720 

GOGCTGGCAG TCTTC CTGOG COQGTTGC2^ TOGATTCCTG TTTGT^^TTG TCCTTTTAAC 780 

AGCGATCGCG TATTTCGTCT 06CTCAGGCG C^ATCACGAA TGAATAACGG TTTGGTTGAT 840 

GCGAGTGATT 'TTGAS'GACGA GQGTAATGGC TGGCCTGTTG AACAAiCTCTG GAAAGAAASTG ^00 

CATAAGCTTT TfeCCATTCTC ACCSGGA^TCA GTOGTCACTC ATG6TGATTT CXCACTTGAT 960 
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AACCrraSTT 'TTGACGAGGG GSAaS^EAATA (3GTTGTA.TTG ArOTTGGhCG AGTCGSGA&TC 
GCACS^^CCGAT ^C CftgCS^T CT TOCCATCCTk TGCAACTGCC TCGCST<^GTT TTCTCCTTCA 
TTACa G&aA C (^SCTTTTTCA AA&AmTGGT AntamATC CTCSAT&TGAA TAAATTGCAG 
TTTCaSTTGA TGCTOIATGA GTTTTTCTaA GAATTGaTCC AGACATGM:A AjCS^TACATTG 
A3t3aer2TGG ACa^^CaCA ^^SaSSATGC AGTGaASAa^ ^3X5CTTT&!rT TC?3XSAaS^rTT 
erSaTQCEM* TGCTT T^^rTT ^m^CCS^I^ TS^iGCTGCaa. m^^ACaAGTT AACAAC^^XIA 
,^^TGC%TTC^ TTTmr^STTT C^GGTTd^ @GGftG6T6TG ^S^^fiGTTTT? TAhhQCM^ 
AftftftCCTCT^ C%^T6?6@7 ATCSGCSmTT .^S^TOGS^i^TCr ,S^^AM!^C&C& MiCMTTS^ 
&TCa^@T%S3T ^a^C^CaTT^ TltXZI^Ctra^S^ M.TTTTSiS£SS TTS^^CTS^GA GCTTTS^TC 

C< 



TOQ^^^^T^^ SkO^i^iQ^mj:^ TQ^J^TtSQ<^^ GG^S^QSC^ QT^^C^TCSG G^AC»i^S€GT 
CaCAGTOSaC ^l^^JSG^reG aCT^Sf^CTC rajCCTCCTea CS^TW^arA ACajGGGACGC 
.^GI^^^^TXC S^TGeCTTT GC^Gt^S^S^^ ^TCCS^mJSGC TOTTOM^C GC^S^iSCSGGA 
GGC^?SSJ^ ^TCCrCSCaT CTCajSTCCCT C^e^SsQAG^ CTSTCT^^ CTTTTCaAGC 

TSTG^as^ ^earcaisaGc ecraoGCACT arascTecsjc GcasccreaG AsraocTccc 

TCCTTTTCCa. CCSmS^CT TCCTCCTSiCa. CarCMIASCS. GeOACCACSiG CTCCCSATGaC 
C»X2A&CT©C7 ^iSG^C^GO^ CSGCC^G^C ^^TSCCC^CG ATG/SGW^J^SG TQGSi(^SQiQGA 




CCae^TCaST @X@a3CS?CCG C®£IGeT^s^A ACGGajEGGCC C^i©C^eCTC^ GGGTGGCCTC 
^3?GGTCSiiaG ^SGSGQTQGT GGGTCaCGTG TGTCTxTe®5 CK2GTCSdS«3C GCTCCaGCTT 
GTCCTTCCCG T^CTCCafiGS" ASCTGCGGAG Ci^CTCCACSG CACTCSeeCT CC^iGGXagGC 
TCTCCGCTGC TCCeCCTCae GGGCCGCCTC CCACTTGC©C TGGGTCSaTCT G^JSCCeCOGT 
GTCCGOGGee STCCaSGAGC GC^fiCSTO:^ STTCaGGGCG ASG^SATCCT TGCCQTCOm 



CSCTCTCTCC^ TCaffTC^GTG CC7@€@CCT7 SmS&TCTCT CTCgCTC C SQCST CCCft^SI^CTC 



CTCCSAACCTC ^O^eroCSG TClTCSTCCaC OT^CCG^CT GAiCEa.TGS^C GGOGCTCCCC 
GCGGCCGGGC OGGGI^G^^G ^^JCSGTG'SS^CS^ AT^iSCX^^^ G^iiSTGGG^GC GGCCC^iGGTC 
TCGCSTO^^GGC C^GGGCGCCG ^Oi^C^^^G^G G^jSG^CGGT? COGSGOGCC^ TG^C%!^C^? 
C3<lTGa^.OCxT GG^^GGTGC^ ^^C^TGTGG TQMi'SCSG^rCK ^aSGGGCSTTT SaiTGraS'CGA. 

GcraGGCACT "s^s^asi^^aMr ^i^ctctgci^ A^x^ecooaasTT caGTGG^rcG ^^ccaarccaT 

GTCa£3ACCTG TCTG TTQCCT TCCmaamG GC^^ea3?C3CST ACCSJECTmC TTCCACC^AT 

CGQcaTGcac gcstgc^ttxi^ ctctccxxst ^^sysGcarsTT GcmajcreM cxstts^ggs^sg 

TTQCM^GS^ ^i^J^TGT^^ TSC&'Sg^CSS^C ^!^ira^2?7CCC CCTCGCT^TG CSt^^A^JGOS^ 



aAOSCCSmC CeZftl^CSiGa TTCxTCa^^ ^^.^x^eSGT C^AGCCTTGC CTTGTTG'S^ 
CrmAATTTT GCreOasrar T&iraCaGCGa. eCxCCSAGM ACa^GCaGGG ^GCAGATaCT 

GGcrmAcm TGCGGeaKa GAGCftsa^raG mcTGS^e^iGT GCACcaaaro cggtgtgasa 

TACCGCft^GAS ATGCGTSACSG S^S^I^^TACC GCaSCaGGCG CTCXTCCSGCT TCCTCGCTCA 
CTGACTCSGCT GOSeTCGGTC GTTaBGC2GC GGCGaGCXSGT AK^aSCTC^ TCSAAGGOSG 
T^i::^ODGGTT ^TO^J^^S^ TC^^GGGG^^ ^^OSG^GGS^^ G^M:»^i:tSTG^ GCS^S^£^CC 
^CAaaaCSGC CaGGAACCSr .S^M^SAGGCCG eGTXGCTGGC ^TTTTTOWS ,^GGC7€€GCC 




T^mA^^Qi^S^ GCAX3G06TTT <X(XG£QtMA GGSCC^SOST GGGCTCTCCT GT^TCOGfi^CC 
TGCXQCrmC GGGftT^CCTC TCCGCCTTTC TCCCTT0GG6 ^l^iSCSGTGGCG 
GCTC&CGC7G ^GGraSCTC AGTTGGGTGT SGGTOGTTCG CTCCS^C?6 GGCTG^^STGC 
ACGAACCCCC eGTTCAGCCC OaCCGCTGCG CCETaSFCCGG TaACmTCGT CT2GAGTCCA 
^CCGG^!^^ &CSJCG»£^Xm TCGCC^CTGG CSGCSgGCCa 



1020 
1080 
1140 
1300 
1360 
1320 
1380 
1440 
1500 
15S0 
1620 
1660 
1740 
1800 
1860 
1920 
1980 
2040 
3100 
3160 
2230 
2260 
3340 
3400 
3460 



3640 
2790 

2760 



3360 
3^40 
3000 
3060 
3130 
3180 
3340 
3300 
3360 
3430 
3460 
3540 
3600 
3660 
3730 
3760 
3840 
3900 
3960 
4020 
4059 
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WaiLT ZB CTiATMRD ZSs 

1. A vecl^or adapted 
cells of an orgaziism genetic 



capable of eaqsressing one or 
5 conprising one or more of said 
tJie following elements ; 



use in transferring into tissue or 

one or more cistrons 
immunogenic or therapeutic peptides, 
cistrons and a backbone that ci 



IdLnked to any of said cistrons « which 
promoter is derived from ca4V or RSV LTR or RSV LTR in which a 

native to said RSV LTR has been mutated; 



a polyadenylation signal that facilitates egression of any 
of said cistrons, which polyadenylation signal is derived from 
bovine growth hormone gene or SV40 or SV40 in which essentially 
all of any open reading frames native to said SV40 have been 



and wherein said backbone optionally further comprises 
or more of the following elements: 

a ribosome binding site that facilitates translation 
messages of any of said cistrons, %diich ribosome binding s 

EKC virus; 
sx initiation sequence that facilitates 
of any of said cistrons; and 

genetic material that facilitates splicing of 
of any of said cistrons. 
2« VhB vector of Claim 1, 



of 



derived from 8V40 or SV40 in which essentially all of any 
reading frames native to said 8V4D have been deleted. 

3. The vector of Claim 1, wherein said peptides stimulate 
immunity against said tissue or cells. 

4. The vector of Claim 3, wherein said p^tides c 
I major histoconopatibility complex (MBC) antigens, S-2 
or cytokines. 

5. The vector of Claim 4, wherein said MHC antigen is 



T- 



40 



6. The vector of Claim 5, wherein said MHC antigen is HLiA-B7» 

7. The vector of Claim 6, wherein OX3A encoding said HLA-B? has 
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10 



15 



90 



had an i 



d. The 



10. The 



naclve to said HIA-B7 deleted, 
vector of Claim i, wherein said 

set forth In SEQ ID N0:1. 
vector of Claim 2, wherein said 
set forth In SEQ id N0:2. 
vector of Claim 1, wherein said 



vitjro. 

11. The vector of Claim 1, wherein 

vivo. 

12. The vector of Claim ii, 
is mediated by a catheter. 

13. The vector of Claim 1, 
wherein said selectable 



transferring occurs In 



said transferring occurs in 



wherein said In viiro transferring 



promoter is derived from RSV LTR In which a 
native to said RSV LTR has been mutated. 



and wherein said polyadenylatlon signal is derived from 



14. The 



vector of Claim 1 having 
ID NO:l which codes for: 
said origin of replication. 



said rlbosome binding site, and said translation 



15. The vector of Claim 1, having a 
organized in a poly-clstronlc transcript! 
wherein said selectable marker 
kanainycin, 

wherein said promoter, which is 
poly-clstronlc traziscriptlon \mit, is 
which a polyadenylatlon 



of clstrons which 
unit, 

confers resistance to 



llziked to said 
from RSV LTR in 
said RSV LTR has been 



and wherein said polyadenylatlon signal, which facilitates 
processing of said poly-cistronlc transcription xmit, is derived 



16. The vector of Claim 1, having two clstrons which are 
organized in a bl^clstronlc trauiscription unit, 

wherein said selectable marker confers resistance to 
kanamycln, 

wherein said promoter, which is operably linked to said bi- 
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clst.3raiziic ^ranscripclon unit., 1b derived from RSV XiTR In 
a polyadenylarlon slgxial native zo said RSV LTR bae 
mutated, 

and wherein sadd polyadenylatlon signal, which 
processing of said bi-clstronic trans crip 1 1 on imlt. Is 
from bovine growth hormcme gene. 
17. The vector of Claim 1, having one 



wherein said selectable marker confers resistance to 



wherein said promoter, which is operably linked to said 
clstron. Is derived from RSV LTR in which a polyadenylatlon 
signal native to said RSV LTR has been mutated, 

and iribereln said polyadenylatlon signal, which facilitates 
expression of said clstron. Is derived from bovine growth 



18 . A pharmaceutical composition con^rlslng the vector of Claim 

15 . A pharmaceutical con^yosition comprising the vector of Claim 
1 in association with a transfer- facilitating vehicle. 

20. The pharmaceutical ccmposition of Claim IS, wherein said 
vehicle comprises a transfectlon- facilitating cat ionic lipid 
formulation. 

21. The pharmaceutical exposition of Claim 20, wherein said 
transf action- facilitating cat ionic lipid formulation is DMRIE-DOPB. 

22. The pharmaceutical composition of Claim 21, wherein said 
DMRIE-DOPE has a molar ratio of 5:5. 

23. The pharmaceutical composition of Claim 19, wherein said 
vehicle code, 

24. A method for treating a disorder, in an organism, 
characterized as being responsive to the stimulation of T-cell 
immunity, cosprislng the step of transferring a vector into tissue or 
cells of said organism, wherein said vector comprises genetic material 
encoding one or more dstrons capable of es^resslng one or more 
p^tldes that stimxxlate T-cell immunity against said tissue or cells, 
such that said peptide or peptides are expressed resulting in the 



25 . The method of Claim 24 , wherein said disorder is neoplastic 



26. The method of Claim 25, wherein said neoplastic disease is 



40 



-1 



, r 
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27; The method of Claim 24, wherein eaid vector conprises the 
vector of Claim !• 

2B. The method of Claim 24, wherein eaid transferring occurs 
in vitro. 

29. The method of Claim 24, wherein said transferring occurs 
in vivo. 

30. The method of Claim 29, wherein said in vivo transferring 
is mediated by a catheter. 

31. The method of Claim 24, wherein said vector is associated 
with a trans far- facilitating vehicle. 

32 « The method of Claim 31, wherein said vehicle comprises a 
transfect ion- facilitating cationic lipid formulation. 

33. The method of Claim 32, wherein said trans fee tion- 
facilitating cationic lipid formulatioa is DKRIE-DOPE. 

34. The method of Claim 33, wherein said DMRIS-DOPS has a molar 
ratio of 5:5. 

35. Hie method of Claim 31, wherein said vehicle comprises an 



36 . A DKA cassette adapted for use in transferring into tissue 
cells of an organism genetic material encoding one or more cistrons 
capable of expressing one or more ±m 



S, C4 

an origin of replication derived fro» , 
genetic material encoding a selecteddle marker that confers 
resistance to an antibiotic; 

a promoter operably linked to any of said cistrons, which 
promoter is derived from CMV or RSV LTR or RSV liTR in which a 
polyadenylation signal native to said RSV LTR has been mutated; 



a polyadenylation signal that facilitates eaqpression of any 



of said cistrons, which 



all of any open reading frames 



polyadenylation signal is derived 
SV40 or 6V40 in which es 

native to said SV40 have 



and wherein said DNA cassette optionally further comprises 



messages of any of said cistrozas, which ribosome binding site is 
derived from BMC virus; 



40 



• ^_ • 
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of any of said cistrons; and 



of any of said cietrons. 

37. The DMA cassette of Claim 36 « wherein said genetic material 
facilitates splicing is derived fsrom SV40 or SV40 in which 
essentially all of any open reading frames native to said SV40 have 



38. The DNA cassette of Claim 36, 

wherein said selectable marker confers resistance to 

kanamycin, 

in which a 
mutated. 



to said RSV LTR has 
and wherein said polyadenylation signal is 



39 



The DNA cassette of Claim 36 having that nucleotide 

forth in SEQ ID RO:l which codes for: 
said origin of replication, said genetic material encoding 
marker, said promoter, said polyadenylation signal , 



40. The DKA. cassette 
cistrons which are organized 



of Claim 36, 
a poly-cistronic 



plurality of 
on xmitr 
resistance to 



kanamycin. 



wherein said promoter, which is pperably linked to said 

RSV LTR in 
LTR has been 



poly c i 8 1 roni c 
which a polyadenylation 



signal native to said RSV 



signal, which facilitates 
processing of said poly-cistronic transcription uxxit, is derived 



41. The DNA 
organized in a bi 



of Claim 36, having two cistrons whi ch are 
c transcription unit, 
selectable marker ccmfers resistance to 



linked to said bi- 
from RSV IiTR in which 
RSV LTR has been 



promoter, which is q; 

m unit, is derived 
ignal native to 



mutated, 



and wherein said polyadenylation signal, which facilitates 
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proceBsing of said bi-cis^roulc tiranscription unit, 1b derived 
from bovine growth hormone gene. 

42. The raiA casBette of Claim 36, having one cistron, 
wherein said selectable marker confers resistance to 

5 kanamycln« 

wherein said promoter, which is operably linked to said 
cistron, is derived from RSV LTR in which a polyadenylation 
signal native to said RSV LTR has been mutated, 

and wherein said polyadenylation signal, which facilitates 
10 es^ression of said cistron, is derived from bovine growth 

hormone gene. 

43. A recombinant es^ression system conprising a host o3rganism 
and a genetic cozistruct having an origin of replication derived from 
pBR322; genetic material encoding a selectable marker that confers 

15 resistance to an antibiotic; one or more cistrons organized in a poly- 
cistronic, bi-cistronic, or uni-cistronic transcription uniti a 
promoter operably linked to Bald transcription unit which promoter is 
derived from CMV or RSV LTR or RSV LTR in which a polyadenylation 
signal native to said RSV LTR has been mutated, euid a polyadenylation 

20 signal that facilitates processing of said transcription \zait wh ic h 
polyadenylation signal is derived from bovine growth hormone gene or 
SV40 or SV40 in which essentially all of any open reading frames 
native to said SV40 have been deleted; and wherein said reco mbin a n t 
es^ression system optionally conprises one or more of the following 

25 elements: a ribosome binding site that facilitates translation of 
messages of any of said cistrons internal to said transcription unit 
which ribosome binding site is derived from BMC virus; translation 
initiation seG[uence that facilitates expression of any of said 
cistrons; and intron sequence that facilitates splicing of transcripts 

30 of any of said cistrons. 

44. The recombinant egression system of Claim 43 wherein said 
host organism is a human. 



